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Inclosed  Is  a  copy  of  the  Notown  Reservoir  Dan  &  Dike  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  presented  for  your  use  and  is  based 
upon  a  visual  inspection,  a  review  of  the  past  performance  ana  a  brief 
hydrological  study  of  the  dam.  A  brief  assessment  is  included  at  the 
beginning  of  the  report.  1  have  approved  the  report  and  support  the 
findings  and  recommendations  described  in  Section  7  and  ask  that  you 
keep  me  informed  of  the  actions  taken  to  implement  them.  This  follow-up 
action  is  a  vitally  ioqiortant  part  of  this  program. 


A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering,  the  cooperating  agency  for  the  Commonwealth 
of  Massachusetts.  In  addition,  a  copy  of  the  report  has  also  been 
furnished  the  owner,  City  of  Leominster,  Leominster,  Massachusetts 


01453. 


Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 


I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Quality  Engineering  for  your  cooperation  in  carrying  out 
this  program. 


Incl 

As  Stated 


Sincerely , 


)>^.XjlL 

MAXB.  SCUEli^ 


Colonel,  Corps  of  Engineers 
Division  Engineer 


NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INVESTIGATION  REPORT 
BRIEF  ASSESSEMENT 


Identification  No.: 
Name  of  Dam: 

City: 

County  and  State: 
Stream: 

Date  of  Inspection: 


MA  00870  Dam;  MA  01240  Dike 
Notovm  Reservoir  Dcun  and  Dike 
Leominster 

Worcester  County,  Massachusetts 
Monoosnoc  Brook 

October  24  and  November  5,  1979 


^The  main  dam  is  600  feet  long  with  a  hydraulic  height  of 
21  feet.  It  contains  a  sheet  piling  and  concrete  upstream  cut¬ 
off.  The  dike  is  750  feet  long  with  a  hydraulic  height  of  13 
feet.  It  is  indicated  on  plans  to  have  a  stone  masonry  core 
wall.  The  original  dam  was  probably  built  prior  to  1876.  Modi¬ 
fications  were  made  in  1894  and  1930.  The  reservoir  has  always 
been  owned  and  operated  by  the  City  of  Leominster  as  a  part  of 
their  water  supply  system. 

Indepth  engineering  data  was  not  available.  The  adequacy 
of  the  dam  was  primarily  evaluated  by  visual  inspection,  past 
performance  history,  a  limited  number  of  existing  drawings  and 
sound  engineering  judgement. 

The  dam  and  dike  have  size  classifications  of  intermediate 
and  hazard  potential  class! ficatiohs  of  high.  Based  upon  Corps 
Guidelines  the  test  flood  is  the  PMF.  The  inflow  from  the 
4.57  s.m.  drainage  area  is  8,600  cfs.  '^he  spillway's  capacity 
with  the  8  inch  flashboards  in  place,  is  eUsout  1,850  cfs  or 
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>-37  percent  of  test  flood  outflow,  at  the  top  of  dam.  With  the 
flashboards  in  place  the  test  flood  outflow,  5,070  cfs,  surcharges 
the  reservoir  to  elevation  741.5.  The  dcun  and  dike  and  a  small 
section  of  Route  2  are  overtopped  by  0.9  feet. 

At  1/2  PMF  the  inflow  would  be  4,300  cfs.  The  outflow  of 
1,720  cfs  passes  the  spillway.  The  reservoir  is  surcharged  to 
elevation  740.4  or  0.2  feet  below  the  dam  crest. 

Based  on  the  visual  inspection,  the  dam  was  in  generally  fair 
condition.  However,  due  to  the  dense  vegetation  on  the  downstream 
slope,  apparent  seepage  in  this  area  could  not  be  adequately 
inspected.  This  combined  with  apparent  settlement  along  the 
upstream  slope  and  the  probable  presence  of  root  systems  within 
the  embankment  give  the  overall  rating  of  the  dam  as  poor.  The 
dike  was  found  to  be  in  generally  good  condition..  It  is  recom- 
mended  that  the  Owner  retain  the  services  of  a  qualified  regis¬ 
tered  professional  engineer  to  investigate  the  following:  Soft, 
wet  areas  at  the  downstream  toe  of  the  dam  including  pooled  water 
within  the  spillway  channel;  seepage  existing  around  the  outlet 
pipes  and  through  the  walls  of  the  outlet  channel;  settlement  of 
the  upstream  slope  at  the  crest  of  the  dam;  determine  a  means  for 
removing  tree  and  bush  roots  from  the  dam  and  dike  including 
selecting  acceptable  backfill  for  holes  caused  by  root  removal; 
perform  a  detailed  hydrologic/hydraulic  investigation  to  determine 
overtopping  potential  and  need  for  increasing  spillway  capacity. 

The  Owner  should  institute  remedial  measures  which  include: 
brush  growing  on  and  up  to  150  feet  downstream  of  the  dam  should 
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be  removed  to  permit  inspection;  the  brush  growing  on  the  dike 
should  be  cut;  the  walls  of  the  outlet  channel  should  be  repaired; 
bushes  growing  in  the  spillway  channel  should  be  cut  and  new 
growth  cut  every  year;  the  spillway  channel  floor  and  walls  should 
be  repaired;  grass  should  be  planted  on  the  crest  of  the  deun  to 
prevent  erosion;  the  broken  handrail  on  the  access  bridge  should 
be  repaired;  a  formal  system  should  be  developed  for  monitoring 
the  project  during  and  just  after  periods  of  high  precipitation 
and  to  warn  downstream  residents  in  case  of  an  emergency;  the  dam 
and  dike  should  be  inspected  every  year,  by  a  qualified  registered 
professional  engineer  who  can  identify  conditions  of  concern  which 
unchecked  could  jeopardize  the  safety  of  the  dam;  estab¬ 
lishment  of  a  formal  operational  procedure  and  maintenance  program 
for  the  dam  and  dike. 

These  above  recommendations  and  remedial  measures  should  be 
implemented  by  the  Owner  within  one  year  after  receipt  of  this 
Phase  1  Inspection  Report. 


CH^VSY 


‘J103  jh 


Ronald  H.  Cheney,  P.E. 

Vice  President 

Hayden,  Harding  &  Buchanan,  Inc. 
Boston,  Massachusetts 
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Thl«  Vhasc  I  Inspection  Isport  on  Notoim  Beservolr  Dam  &  Dike 
has  boon  ravlawsd  by  tba  undarsignad  Kaviaw  board  Banbara.  In  our 
•pinion,  tha  reported  findings,  eoneluaions,  and  raeonaandations  are 
consistent  with  the  Eeconawnded  Cuidelinea  for  Safetr  Inspection  of 
Pans,  and  with  good  engineering  judgnent  and  practice,  and  is  hereby 
•ttbaitted  for  approval. 


ARAMAST  MAHTESIAN,  MEMBER 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


Water  Control  Branch 
Engineering  Division 


APPROVAL  lBCOMM»DEDt 

1.  nub  '  r 

Chief,  loglnoerlag  Piwlalon 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase 
I  Investigations.  Copies  of  these  guidelines  may  be  obtained 
from  the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 

The  purpose  of  a  Phase  I  Investigation  is  to  identify  expedi¬ 
tiously  those  dams  which  may  pose  hazards  to  human  life  or 
property.  The  assessment  of  the  general  condition  of  the  dam 
is  based  upon  available  data  amd  visual  inspections.  Detailed 
investigation,  amd  analyses  involving  topographic  mapping,  sub¬ 
surface  investigations,  testing,  and  detailed  computational 
evaluations  are  beyond  the  scope  of  a  Phase  I  investigation: 
however,  the  investigation  is  intended  to  identify  any  need  for 
such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 

reported  Condition  of  the  dam  is  based  on  observations  of  field 

\ 

\ 

conditions  \at  the  time  of  inspection  along  with  data  available 

\ 

to  the  inspection  teami.  In  cases  where  the  reservoir  was  lowered 
or  drained  prj.or  to  inspection,  such  action,  while  improving  the 
stability  and  Safety  of  the  dcun,  removes  the  normal  load  on  the 
structure  and  ma^ obscure  certain  conditions  which  might  other¬ 
wise  be  detectable  if  inspected  under  the  normal  operating  environ- 

‘\ 

ment  of  the  structxi^e. 

It  is  importamt  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constamtly  changing  internal  and  external  condi¬ 
tions,  and  is  evolutionary  in  nature.  It  would  be  incorrect  to 
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assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  eUid  inspection  can  there  be  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  aure  not  intended  to  provide  detailed 
hydrologic  2uid  hydraulic  analyses.  In  accordance  with  the  es- 
taUalished  Guidelines,  the  Spillway  Test  flood  is  based  on  the 
estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  Because 
of  the  magnitude  auid  rarity  of  such  a  storm  event,  a  finding  that 
a  spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no-trespassing  signs,  repairs  to  ex¬ 
isting  fences  and  railings  and  other  items  which  may  be  needed  to 
minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for  com¬ 
pliance  with  OSHA  rules  and  regulations  is  also  excluded. 
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PHASE  I 

NATIONAL  DAM  INSPECTION  PROGRAM 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 

a.  Authority 

Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  ini¬ 
tiate  a  national  program  of  dam  inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers  has 
been  assigned  the  responsibility  of  supervising  the  inspection 
of  dams  within  the  New  England  Region.  Hayden,  Harding  &  Buchanan, 
Inc.  has  been  retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  State  of  Massachusetts.  Authoriza¬ 
tion  and  notice  to  proceed  was  issued  Hayden,  Harding  &  Buchanan, 
Inc.  under  a  letter  of  24  October  1979  from  William  E.  Hodgson  Jr., 
Colonel,  Corps  of  Engineers.  Contract  No.  DACW  33-80-C-0006  has 
been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of  non- 
Federal  dams  to  identify  conditions  which  threaten  the  public 
safety  and  thus  permit  correction  in  a  timely  manner  by  non-Federal 
interests. 

(2)  Encourage  emd  assist  the  States  to  initiate  quickly 
effective  dam  safety  programs  for  non-Federal  dams. 

(3)  To  update,  verify  emd  complete  the  National  Inventory 

of  Dams. 
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1 . 2  Description  of  Project 


a.  Location 

Notown  Reservoir  Dam  and  Dike  are  located  in  the  City 
of  Leominster,  in  Worcester  County  Massachusetts.  The  reservoir 
is  formed  by  the  waters  of  several  small  streams.  Notown 
Reservoir  Deun  is  located  in  the  northeastern  portion  of  the  reservoir 
with  the  Dike  located  in  the  northwest  section  just  east  of 
Palmer  Road.  The  dam  and  dike  are  shown  on  the  Fitchburg, 
Massachusetts  Quadrangle  with  the  dam  having  the  approximate 
coordinates  North  42°32'30",  West  71®49'01''  and  the  dike  having 
the  approximate  coordinates  of  North  42°32'46",  West  71°49*41". 

b.  Description  of  Daim  and  Appurtenances 

Notown  Reservoir  Dam  is  a  21  foot  high  (hydraulic  height) , 
600+  foot  long  earth  embankment  having  a  concrete  intake  struc¬ 
ture  and  an  emergency  spillway.  The  embankment  has  a  crest 
width  of  16+  feet  and  a  riprapped  upstream  slope  on  approximately 
3H:1V.  The  downstream  slope  is  turf  lined  and  has  an  approximate 
slope  of  2H:1V.  In  1930,  modifications  along  the  length  of  the 
upstream  side  slope  were  made.  These  included  driving  a  sheet 
piling  into  the  underlaying  clay  strata,  pouring  a  concrete  cap 
atop  the  sheet  piling,  paving  the  existing  riprap  with  concrete 
and  constructing  an  upper  6  foot  high  concrete  cutoff  wall.  The 
intake  structure  is  a  9  foot  by  10  foot  by  19+  foot  high  concrete 
structure,  see  photograph  1.  It  has  2  gated  inlets  of  unknown 
size,  which  outlet  into  two  24  inch  cast  iron  pipes.  These  dis¬ 
charge  into  an  outlet  channel  approximately  75  feet  downstream 
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of  the  intake  structure,  photograph  2.  The  channel,  photograph 
3,  extends  approximately  250  feet  downstream,  before  it  con¬ 
verges  with  the  outlet  channel  from  the  emergency  spillway. 

Both  channels  have  concrete  and  stone  masonry  side  walls. 

The  emergency  spillway,  photographs  4  and  5,  is  approx¬ 
imately  49  feet  long  at  the  spillway  crest.  The  weir  has  a 
1.5+  foot  high  concrete  sill  with  provisions  for  8  inches  of 
flashboard.  The  elevation  of  the  concrete  sill  is  approximately 
5.5  feet  below  the  crest  of  the  dam.  The  spillway  has  stone 
masonry,  concrete  covered  training  walls.  The  spillway  outlet 
channel  is  stepped  and  has  stone  masonry  concrete  lined  side- 
walls  which  extend  approximately  300  feet  downstream  where  it 
converges  with  the  intake  structure  outlet  channel.  Shortly 
downstream  of  the  convergence  of  these  channels,  the  stone 
masonry  sidewalls  end. 

Notown  Reservoir  Dike  is  a  13  foot  high  (hydraulic 
height) ,  750+  long  earth  fill  embankment.  It  has  no  intake 
structures  or  spillway.  The  1894  Plans  indicate  the  embankment 
to  be  composed  of  gravel  and  to  contain  a  l'-5"  to  2  foot  thick 
mortared  stone  masonry  corewall  extending  to  within  1.5  feet  of 
the  crest.  The  downstream  slope  and  crest  of  the  dike  are 
turf  lined.  The  upstreeun  slope  has  a  riprap  lining  up  to  the 
high  water  level.  The  crest  has  a  typical  width  of  16  feet. 

The  downs treeun  side  slope  was  measured  to  be  at  approximately 
2H:1V  and  the  upstream  side  slope  was  measured  at  approximately 
3H:1V,  above  the  water  surface. 
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c.  Size  Classification 

The  dam  and  dike  have  a  size  classification  of  intermediate 
based  upon  the  storage  capacity  of  3,900  acre-feet,  and  hydraulic 
heights  of  21  feet  and  13  feet,  respectively. 

d.  Hazard  Classification 

The  dam  and  dike  have  high  hazard  classifications.  Based 
on  Coirps  Guidelines,  the  assumed  dam  and  dike  failure  flows  will 
be  17,835  cfs  and  12,600  cfs,  respectively.  The  dam  contains  the 
spillway  which  will  have  caused  base  flow  flooding  in  the  downstream 
areas  prior  to  dam  failure  due  to  its  discharge  of  1,850  cfs. 

Deun  failure  flooding  will  cause  flood  stages  two  to 
twenty  feet  deep,  including  base  flood  stage  levels.  At  least 
34  homes,  a  water  treatment  plant  and  several  roads  will  be 
damaged  by  failure  flood  water  depths  of  at  least  four  feet. 

Base  flow  flooding  will  damage  about  15  homes  with  about  two 
feet  of  water.  Loss  of  life  due  to  dam  failure  is  possible. 

Dike  failure  flooding  stages  will  reach  depths  of  five 
to  30  feet.  At  least  14  homes,  several  roads  and  a  large  manu¬ 
facturing  plant  will  be  damaged  by  flood  water  depths  of  two 
to  30  feet.  Loss  of  life  due  to  dam  failure  is  possible. 

e.  Ownership 

The  dam  and  dike  have  always  been  owned  by  the  City 
of  Leominster. 

f .  Operator 

The  dam  and  dike  are  operated  and  maintained  by  the 
City  of  Leominster  Water  Department.  Mr.  Archie  Descaronis  is 
the  designated  caretaker.  The  mailing  address  is  109  Graheun  St., 
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Leominster,  Massachusetts  01453.  The  telephone  number  is 
(617)  534-6420. 

g.  Purpose  of  Dam 

The  purpose  of  the  dam  has  always  been  water  supply 
for  the  City  of  Leominster. 

h.  Design  and  Construction  History 

The  original  dam  was  probably  completed  prior  to  1876. 
Plans  dated  1930  indicate  the  rubble  cut-off  to  be  "as  shown 
on  plan  of  J.W.  Gates  1876."  Plans  dated  1894,  indicated  the 
dam,  spillway  and  dike  to  be  raised  by  approximately  1.5  to  3 
feet.  The  engineer  indicated  on  these  plans  is  George  Raymond. 

In  1930  and  1931,  the  upstrecun  side  slopes  of  the  embankment 
were  modified,  by  installing  a  steel  sheet  piling  wall  with 
a  concrete  cap  along  the  length  of  the  embankment,  grouting  the 
existing  riprap  with  concrete  and  pouring  5m  upper  6  foot  high 
concrete  corewall.  The  engineering  firm  of  Metcalf  and  Eddy, 
Boston,  Massachusetts  is  indicated  on  the  1930  plans. 

i.  Normal  Operational  Procedure 

Notown  Reservoir  is  located  approximately  one  mile 
upstream  of  the  City  of  Leominster  Water  Filtration  Plant.  The 
caretaker  visits  the  dam  at  least  once  a  day  and  regulates  the 
reservoir  discharge  to  the  plant  from  the  intaUce  structure  at 
Notown  Reservoir.  The  quantity  of  water  is  determined,  based 
on  the  demand  within  the  system.  The  valves  for  the  intake  struc¬ 
ture  are  usually  operated  about  1/3  open,  or  less.  Normally  there 
is  8  inches  of  flashboard  in  place  at  the  spillway.  The  reservoir 
water  level  is  normally  below  the  spillway  crest. 
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1.3  Pertinent  Data 


a.  Drainage  Area 

The  drainage  area  4.57  s.m.  (2,925  acres)  is  basically 
wooded,  undeveloped  land.  Over  half  of  the  drainage  area  is 
within  Leominster  State  Forest.  A  small  eunount  of  developed 
land  occurs  to  the  north  of  Route  2.  A  very  small  percentage 
of  the  drainage  area  is  comprised  of  ponds  or  swamps. 

There  are  several  small  brooks  which  carry  runoff  to 
the  reservoir.  See  drainage  area  map  in  Appendix  0,  and  photo¬ 
graphs  in  Appendix  C. 

b.  Discharge  at  Damsite 

1.  Outlet  Works 

The  outlet  works  are  two  24  inch  diameter  cast  iron 
pipes  (photographs  2  and  3) .  These  are  controlled  at  the  intake 
structure  (photographs  4  and  7)  by  manually  operated  valves.  At 
the  toe  of  the  dam,  these  pipes  discharge  into  an  outlet  channel. 
The  invert  elevation  is  719.5,  at  the  outlet.  When  fully  open  and 
with  the  reservoir  water  surface  level  at  elevation  735+,  spillway 
crest,  these  pipes  could  be  discharging  a  total  flow  of  150+  cfs. 
These  valves  are  usually  operated  about  1/3  open,  or  less. 

2.  Maximum  Known  Flood  at  Damsite 

Inspection  reports  from  the  Worcester  County  Engineers 
Office  indicate  that  in  1936,  1938  and  on  March  10,  1958,  the  level 
of  water  was  12+  inches,  4+  inches  and  4+  inches  in  the  spillway. 
The  corresponding  discharges  are  176+  cfs,  50+  cfs  and  50+  cfs. 
These  were  observed  maximum  levels  and  could  have  been  exceeded. 
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United  States  Weather  Bureau  records  indicate  that 
during  September  17  to  22,  1938  and  August  17  to  20,  1955,  about 
9  inches  and  6  inches,  respectively,  of  rainfall  occurred  near 
the  project  location. 

3.  Ungated  and  Gated  Spillway  Capacity  at  Top  of  Dam 
The  spillway  has  no  gates  but  has  provisions  for  8 

inches  of  flashboards  (photographs  5  and  6) .  Total  spillway  dis¬ 
charge,  with  water  at  elevation  740.6,  top  of  dam,  is  about  1,850 
and  1,96C  cfs  with  and  without  flashboards,  respectively. 

4.  Unqated  and  Gated  Spillway  Capacity  at  Test  Flood 
Elevation 

The  test  flood  (PMF)  will  surcharge  the  reservoir  to 
elevation  741. 5+,  assuming  8  inches  of  flashboards  are  used.  The 
discharge  is  5,070  cfs.  The  dam  and  dike  are  overtopped  by  0.9 
feet. 

With  the  8  inches  of  flashboards  removed,  the  spillway 
capacity  is  increased  by  110  cfs  (1,960-1,850).  This  increase  has 
a  negligible  effect  on  the  overtopping  potential  under  the  (PMF) 
test  flood.  The  dam  and  dike  will  still  be  overtopped  by  0.9  feet. 

5 .  Total  Project  Discharge  at  Top  of  Dam 

With  the  water  level  at  elevation  740.6,  top  of  dam, 
the  total  project  discharge  would  be  about  1,890  cfs.  This  as¬ 
sumed  both  24  inch  pipes  are  one  third  open  and  flashboards  are 
in  place. 

6.  Total  Project  Discharge  at  Test  Flood  Elevation 
The  total  project  discharge  with  water  at  the  test 

flood  level  and  the  24  inch  pipes  one  third  open  would  be  about 
5,110  cfs. 
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c.  Elevation  (ft.  above  NGVD  -  Metcalf  &  Eddy 


approximate  only) 

(1)  Streambed  at  toe  of  dam - 719.5+ 

(2)  Bottom  of  cutoff - 710+  (Metcalf  &  Eddy 

plans  9-5-30) 

(3)  Maximum  tailwater -  725+ 

(4)  Normal  pool -  732.0+ 

(5)  Full  flood  control  pool - N/A 

(6)  Spillway  crest  (with  flashboard)  -  735.8+ 

(without  flashboard)  -  735.2+ 

(7)  Design  surcharge  (Original  Design)  - Un)cnown 

(8)  Top  of  dam  and  dike -  740.6 

(9)  Test  flood  surcharge - 741.5 

d.  Reservoir  (Length  in  feet) 

(1)  Normal  pool - - - - - 5,500 

(2)  Spillway  crest  pool - 5,500 

(3)  Test  flood  pool - — - 6,100 

(4)  Top  of  dcun - 6,000 

(5)  Flood  control  pool - N/A 

e.  Storage  (acre-feet) 

(1)  Normal  pool - 1,900 

elevation  732+ 

(2)  Spillway  crest  pool  -  2,500+ 

(3)  Top  of  dam -  3,900+ 

(4)  Test  flood  pool -  4,300+ 

(5)  Flood  control  pool - N/A 

f.  Reservoir  Surface  (acres) 

(1)  Normal  pool - 200 

(2)  Spillway  crest - 230 
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(3) 

(4) 

Test  flood  pool  - 

- 340 

lOp  or  ucuu  — 

(5) 

Flood  control  pool  - 

- n/a 

Dam 

Dike 

(1) 

Type  -  earth,  gravity 

earth,  gravity 

(2) 

Length  -  600'+ 

750'  + 

(3) 

Height  -  21'+ 

13'  + 

(4) 

Top  Width  -  16'+ 

16'  + 

(5) 

Side  Slopes  -  2:1  d.s.,  2 

3:1  u.s. 

:  1+  d. s . ,  3 :1+  u. s 

(6) 

Zoning  -  Unknown 

Unknown 

(7) 

Imperivous  Core  -  Unknown 

masonry  corewall 

(8) 

Cutoff  -  steel  sheet  piling 

cutoff  trench  in- 

U.S.,  3  rubble  and/ 
or  brick  cutoff  walls 
along  outlet  pipes  - 
1930  plans 

dicated 

(9) 

Grout  curtain  -  Unknown 

Unknown 

(10)  other  -  grouted  paving  and  concrete  wall  buried 
along  u.s.  face  -  1930  plans  of  dam 

h.  Diversion  and  Regulating  Tunnel  -  none  at  this  project 

i.  Spillway 

(1)  Type  -  stone  and  concrete  masonry  overflow 

(2)  Length  of  weir  -  49+ 

(3)  Crest  elevation  -  735.15  without  flashboards 

735.8  with  flashboards 

(4)  Gates  -  none 

(5)  U/S  Channel  -  opens  directly  into  reservoir 

(6)  D/S  Channel  -  stone  masonry  -  variable  width, 

steep  slope 
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The  only  regulating  outlets  are  the  two  24  inch  water 
supply  discharge  pipes.  They  are  controlled  manually  with  gate 
valves  located  at  the  intake  structure.  These  pipes  extend 
through  the  dam  and  discharge  into  an  outlet  channel.  The  out¬ 
let  channel  has  masonry  walls  with  gravel  bottom  of  invert  ele¬ 
vation  719.5.  See  photographs  2,  3  and  8.  These  pipes  are 
usually  operated  1/3  open  or  less. 
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SECTION  2 


ENGINEERING  DATA 


2 . 1  Design  Data 

Plans  dated  1894  and  1930  were  located  at  the  Worcester 
County  Engineering  Office.  The  1894  plans  indicated  George 
Raymond  as  the  engineer  and  show  modifications  to  an  existing 
dam  and  dike  structure.  The  1930  plans  indicate  Metcalf  and 
Eddy  as  the  engineer,  and  show  further  modifications  to  the 
dam.  The  1930  plans  contain  a  note  which  indicates  the  "cut¬ 
offs  as  shown  on  plan  of  J.W.  Gates,  1876."  These  1876  plans 
were  not  located.  No  design  calculations  for  dam  or  dike  were 
located. 

2.2  Construction  Data 

No  construction  data  pertaining  to  the  1876,  1894  or  1930 
plans  was  located. 

2 . 3  Operation  Data 

The  caretaker  regulates  the  outflow  from  the  intake  struc¬ 
ture  according  to  the  demand  within  the  system.  There  is  no 
written  formal  operational  manual  for  the  dam  or  dike.  The 
engineering  firm  of  Coffin  and  Richardson  of  Boston,  Massachusetts 
was  retained  by  the  City  of  Leominster  in  1978  to  evaluate  all 
City  owned  dams,  and  prepare  a  report  on  existing  conditions. 
Excerpts  from  this  report  dealing  with  Notown  Reservoir  Dam  are 
presented  in  Appendix  B. 

2 . 4  Evaluation  of  Data 
a.  Availability 

A  limited  number  of  plans  as  well  as  County  Inspection 

Reports  between  the  years  1924  and  1964,  for  the  dam  and  dike, 
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were  available  at  the  Worcester  County  Engineering  Office. 

No  State  Inspection  Reports  or  indepth  design  calculations 
were  located. 

b.  Adequacy 

The  lack  of  indepth  engineering  data  does  not  allow 
for  a  definitive  review.  Therefore,  the  adequacy  of  this  dam, 
structurally  and  hydraulically,  cannot  be  assessed  from  the 
standpoint  of  review  of  design  calculations,  but  must  be  based 
primarily  on  the  visual  inspection,  past  performance  history, 
and  sound  engineering  judgement. 

c.  Validity 

The  visual  inspection  of  this  facility  showed  no  reason 
to  question  the  validity  of  the  majority  of  the  information  pro¬ 
vided.  The  only  exception  is  the  elevation  of  the  upper  concrete 
corewall  at  the  dam.  The  1930  plans  indicate  the  top  of  wall  to 
be  2  feet  below  the  crest  of  dam,  while  the  field  inspection 
indicated  the  top  of  wall  to  be  at  the  top  of  dam. 
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SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 

a.  General 

At  the  time  of  inspection  the  level  of  the  reservoir 
was  approximately  IH  feet  below  the  top  of  dam. 

b.  Dam  and  Dike 

The  reservoir  is  formed  by  a  dam  and  dike  located  at 
opposite  ends  of  the  reservoir.  On  the  existing  plans,  the  dam 
and  the  dike  are  referred  to  as  the  east  dam  and  west  dam, 
respectively.  The  two  features  are  described  in  the  following 
sections . 

1.  Dam 

The  dam  consists  of  an  earth  embankment  with  approxi¬ 
mately  2H:1V  downstream  and  3H:1V  upstream  slopes. 

A  masonry  spillway  is  located  between  the  dam  and 
the  left  abutment.  Upstream  of  the  dam  there  is  a  gatehouse  which 
contains  the  controls  for  two  24  inch  diameter  outlet  pipes.  The 
outlet  pipes  pass  through  the  dam  and  exit  at  the  downstream  toe 
of  the  dam  where  they  discharge  into  an  outlet  channel. 

Upstream  Slope 

The  upstream  slope  of  the  dam  is  covered  with  riprap 
as  shown  in  photograph  4.  The  upper  12  feet  of  the  slope  is  pro¬ 
tected  by  hand-placed  flat  stones  while  the  remainder  of  the  slope 
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that  could  be  seen  above  and  below  the  water  level  consists  of 
bulky  shaped  riprap.  The  riprap  is  generally  in  good  condition. 

On  the  upper  12  feet  of  the  upstream  slope,  the 
riprap  stones  are  not  placed  closely  together  and  soil  and  vege¬ 
tation  are  visible  between  all  the  stones.  The  vegetation  con¬ 
sists  of  grass  and  stumps  of  bushes  that  have  been  cut.  As  shown 
in  photograph  14,  the  bushes  were  allowed  to  grow  too  long  before 
they  were  cut,  and  substantial  root  systems  have  probably  developed. 
Below  the  upper  12  feet  of  the  upstream  slope,  the  riprap  stones 
are  close  together,  and  only  a  few  areas  of  the  slope  have  soil 
and  vegetation  visible  between  the  riprap  stones . 

At  about  95  feet  left  of  the  right  abutment,  the  up¬ 
stream  slope  apparently  has  settled  below  the  edge  of  the  crest, 
as  shown  in  photograph  13.  About  3  inches  vertical  settlement 
and  1-3/4  inches  horizontal  upstream  displacement  were  observed. 

A  gatehouse  is  located  upstream  of  the  slope.  A 
walkway  spans  from  the  gatehouse  to  the  upstream  slope  where  the 
walkway  is  connected  to  a  concrete  footing.  The  footing  appears 
to  have  settled  about  3  inches  as  shown  in  photograph  10. 

Crest 

The  crest  of  the  dam  is  about  16  feet  wide  and 
generally  soil-covered  as  shown  in  photograph  7.  The  crest  appears 
to  be  used  as  an  access  road  by  vehicles.  Grass  and  bushes  are 
growing  next  to  the  roadway  on  the  downstream  edge  of  the  crest. 

On  the  upstream  edge,  a  one  foot  wide  strip  of  concrete  extends 
along  the  entire  surface  of  the  crest.  Existing  plans  for  the  dam 
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indicate  that  the  exposed  concrete  is  apparently  the  top  of  a 
concrete  wall,  which  extends  to  a  depth  of  8  feet  below  the 
crest. 

Downstream  Slope 

As  shown  in  photographs  12  and  20,  the  downstream 
slope  is  covered  with  dense  vegetation  consisting  of  grass, 
bushes,  and  small  trees.  Apparent  seepage  areas  with  standing 
water  were  observed  at  the  downstream  toe  at  edbout  120  feet  to 
the  right  of  the  outlet  channel.  The  entire  area  downstream  of 
the  deun,  as  shown  in  photograph  21,  was  generally  wet  and  swampy. 

2.  Dike 

The  dike  consists  of  an  earth  embankment  with  an 
approximate  2H;1V  downstream  slope  and  3H:1V  upstream  slope. 
There  is  no  spillway  associated  with  the  dike. 

Upstream  Slope 

The  upstream  slope  is  generally  covered  with  riprap 
as  shown  in  photograph  26.  On  the  upper  10  feet  of  the  upstream 
slope,  grass  and  bushes  are  growing  between  the  riprap  stones  as 
can  be  seen  in  photograph  26,  The  vegetation  is  relatively  dense. 
In  some  areas  of  the  slope  there  are  large  stumps  remaining  from 
bushes  which  were  allowed  to  grow  too  large  before  they  were  cut. 
Below  the  upper  10  feet,  there  is  only  occasional  vegetation, 
growing  between  the  riprap  stones. 

The  right  abutment  consists  of  the  embankment  for 
State  Highway  2.  The  junction  of  the  upstreaun  slope  and  the 
right  abutment  is  covered  with  large  riprap  stones  up  to  about 
4  feet  in  diameter  as  shown  in  photograph  26. 
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Crest 


The  crest  of  the  dike  is  about  16  feet  wide  and  is 
generally  covered  with  grass,  photograph  25.  Trespassing  by 
vehicles  was  evident. 

Downstream  Slope 

As  shown  in  photograph  30,  the  downstream  slope  is 
generally  covered  with  dense  vegetation  consisting  of  grass  and 
bushes.  About  50  feet  to  the  right  of  the  left  abutment  there 
is  a  path  which  has  been  eroded  about  6  inches  below  the  surface 
of  the  downstream  slope,  photograph  29.  Standing  water  was  ob¬ 
served  at  the  downstream  toe  about  100  feet  to  the  right  of  the 
left  abutment,  as  shown  in  photograph  28.  The  source  of  the  water 
was  judged  to  be  due  to  surface  runoff. 

An  asphalt  paved  roadway  is  located  along  the  down¬ 
stream  toe.  At  about  150  feet  to  the  left  of  the  right  abutment, 
a  parking  area  has  been  cut  into  the  toe  of  the  dike  between  the 
roadway  and  the  dike,  photograph  30. 

Downstream  of  the  roadway  is  a  swampy  area  as  shown 
in  photograph  27.  Water  is  generally  ponded  over  the  entire 
swampy  area  downstream  of  the  roadway.  The  source  of  this  water 
was  judged  to  be  surface  runoff, 
c.  Appurtenant  Structures 
Dam  Spillway 

The  spillway  which  passes  between  the  dam  and  the 
left  abutment  consists  of  a  concrete  weir  with  wooden  flashboards 
on  top,  as  shown  in  photograph  6.  An  insignificant  amount  of 
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vegetation  is  growing  in  the  approach  channel  to  the  spillway. 

No  water  was  flowing  over  the  spillway  at  the  time  of  the  inspec¬ 
tion. 

Upstream  of  the  spillway  weir,  the  spillway  training 
walls  consist  of  dry  masonry  stone  walls  which  have  been  pointed 
in  some  areas,  photographs  4  and  6.  The  training  walls  downstreeun 
of  the  weir  consist  of  mortared  masonry  stone  walls  covered  with 
a  thin  layer  of  concrete,  as  shown  in  photographs  6  and  15.  The 
concrete  is  spalling  in  some  sections  of  the  walls. 

The  metal  frame  concrete  deck  service  bridge  and  the 
concrete  intake  structure  are  shown  in  photographs  1  and  4.  The 
intake  structure  was  observed  to  be  in  good  condition.  All  control 
gates  were  reported  operable.  The  service  bridge  was  observed  to 
be  in  good  condition,  however  about  3  inches  of  settlement  was 
observed  at  the  bridge  seat  and  one  handrail  post  was  broken. 

The  control  valves  on  the  two  24  inch  outlet  pipes  were  about  1/8 
open  and  the  total  discharge  was  about  7  cfs. 

d.  Reservoir  Area 

There  are  no  indications  of  insteUbility  along  the  banks 
of  the  reservoir  in  the  vicinity  of  the  d^un. 

e.  Downstream  Channel  -  Main  Dam 

There  are  two  downstream  channels,  one  downstream  from 
the  spillway  and  the  other  downstream  from  the  outlet  pipes.  The 
two  downstream  channels  are  referred  to  as  the  spillway  channel 
and  the  outlet  channel,  respectively,  in  the  following  sections. 

The  two  channels  join  about  300  feet  downstream  of  the  dam. 
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Spillway  Channel 

The  floor  of  the  spillway  channel  is  covered  with  riprap 
stones  which  were  apparently  placed  by  hand.  As  shown  in  photo¬ 
graph  16,  approximately  the  first  200  feet  of  the  channel  is  con¬ 
structed  in  four  approximately  equally  spaced  steps.  The  areas 
of  the  channel  between  the  steps  are  relatively  flat,  with  a  gradual 
slope  downstream.  Grass  and  small  bushes  are  growing  between  the 
stones  in  some  areas,  and  some  stumps  of  cut  bushes  were  observed. 

The  spillway  channel  is  bordered  on  each  side  by  mortared 
masonry  stone  walls  covered  with  a  layer  of  concrete.  As  shown  in 
photograph  17,  some  sections  of  the  walls  are  leaning  toward  the 
channel.  Concrete  is  spalling  in  some  portions  of  the  walls. 

A  pool  of  water  was  observed  on  the  floor  of  the  spillway 
channel  about  175  feet  downstream  from  the  spillway  weir.  The 
water  may  be  due  to  seepage  from  the  deun  or  a  standing  water 
swampy  area. 

Outlet  Channel 

The  outlet  channel  is  shown  in  photograph  8.  The  floor 
of  the  outlet  channel  is  generally  covered  with  gravel  and  cobbles. 
Water  was  flowing  from  the  outlet  pipes  and  down  the  outlet  chan¬ 
nel  at  the  time  of  the  inspection. 

The  outlet  channel  is  bordered  on  both  sides  by  stone 
walls  covered  with  a  layer  of  concrete.  The  concrete  is  spalling 
from  the  bottom  of  the  walls  generally  along  the  entire  length  of 
the  walls. 
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From  the  outlet  pipes  to  about  145  feet  downstream  from 
the  outlet  pipes,  water  was  observed  seeping  through  the  lower 
portion  of  the  walls  at  several  locations.  Two  examples  of  the 
seepage  zones  are  illustrated  in  photographs  18  and  20.  A  seep 
was  also  observed  to  the  left  of  the  outlet  pipes,  as  shown  in 
photograph  2.  In  all  the  seepage  zones,  the  surrounding  stones 
were  rust-colored  and  water  was  flowing. 

3.2  Evaluation 

Deun 

The  visual  inspection  indicated  the  dam  to  be  in  generally 
good  condition.  However,  it  is  rated  as  poor  based  on  the 
following: 

The  presence  of  soft,  wet  ground  and  standing  water  at  the 
downstream  toe  of  the  dam  may  be  a  result  of  seepage  conditions 
which,  if  not  controlled,  could  lead  to  failure  of  the  dam.  Water 
seeping  from  around  the  outlet  pipes  of  the  dam  is  also  a  condi¬ 
tion  which  if  left  uncontrolled  could  lead  to  failure  of  the  dam. 
The  source  of  seepage  which  exits  into  the  outlet  channel  as  far 
as  145  feet  downstream  of  the  toe  of  the  dam  must  be  investigated. 

The  horizontal  and  vertical  movement  observed  on  the  crest 
of  the  dam  and  at  the  foundation  for  the  control  tower  bridge 
indicate  the  presence  of  unknown  conditions  in  the  dam  which  could 
lead  to  slope  failure  if  not  corrected.  The  dam  must  be  investi¬ 
gated  to  determine  the  cause  of  the  observed  movements. 
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The  presence  of  a  thick  cover  of  grass  and  thorn  bushes  on 
the  downstream  slope  of  the  embankment  and  at  the  toe  makes  it 
impossible  to  inspect  the  wet  areas  adequately.  In  view  of  the 
wet  areas  which  can  be  seen,  it  is  important  that  those  areas  be 
thoroughly  investigated. 

The  presence  of  large  root  systems  on  the  upstream  and  down¬ 
stream  slopes  could  create  seepage  paths  which  could  lead  to 
internal  erosion  of  the  dam. 

The  crest  of  the  deun  is  susceptible  to  erosion  since  it  is 
not  covered  with  protective  vegetation  and  the  upper  12  feet  of 
riprap  provides  a  flat  plane  surface  for  waves  to  ride  up  to  the 
crest  during  storms. 

Dike 

Visual  inspection  indicates  the  dike  is  in  good  condition. 

Large  brush  and  stumps  and  their  root  systems  should  be 
removed  from  the  upstream  face  to  prevent  seepage  paths  leading 
into  the  dike. 
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SECTION  4 


OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  Operational  Procedures 

a.  General 

The  caretaker  regulates  the  outflow  from  the  intake 
structure  according  to  the  demand  within  the  system.  The  intake 
valves  are  normally  operated  about  1/3  open  or  less  and  the  level 
of  the  reservoir  is  normally  below  the  spillway  flashboards. 

b.  Description  of  Warning  System 

There  are  no  warning  systems  associated  with  this  facility. 
However  the  downstre«im  Water  Filtration  Plant  is  staffed  24  hours 
per  day. 

4 . 2  Maintenance  Procedures 

a.  General 

The  City  of  Leominster  Water  Department  is  responsible 
for  the  maintenance  of  the  dam  and  dike.  There  is  no  formal 
maintenance  procedure. 

b.  Operating  Facilities 

The  operational  facilities  are  used  on  a  daily  basis. 

Any  deficiencies  which  might  develop  in  the  operational  facilities 
could  be  detected  during  normal  operating  procedures.  There  is  no 
formal  operational  procedure  for  testing  or  repair  of  facilities. 
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4 . 3  Evaluation 


There  are  no  formal  operational  or  maintenance  procedures 
for  the  daun  or  dike.  The  outlet  and  spillvay  channel  sidewalls 
and  floors  are  in  need  of  repair.  Downstream  slope  vegetation 
should  be  cut  and  maintained.  The  dam  and  dike  should  be  in¬ 
spected  every  year  by  qualified  registered  professional  engineers 
who  can  identify  conditions  of  concern  which,  if  left  unchecked, 
could  jeopardize  the  safety  of  the  structure. 
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SECTION  5 


EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES 

5.1  General 

Notown  Reservoir  is  located  in  the  northeast  section 
of  the  City  of  Leominster,  near  Route  2.  The  drainage  area, 
4.57  s.m.  (2,925  acres),  consists  almost  entirely  of  rolling, 
wooded  undeveloped  land,  which  includes  several  small  swamp 
areas  and  one  small  pond.  Over  half  of  the  drainage  area  is 
within  Leominster  State  Forest.  There  are  several  small 
brooks  which  carry  surface  runoff  into  the  reservoir.  The 
reservoir  has  a  surface  area  of  about  200  acres  at  water  eleva¬ 
tion  732. 

The  reservoir  outlet,  Monoosnoc  Brook,  flows  easterly 
about  2.3  miles  to  Pierce  Pond  (elevation  471)  and  developed 
areas  of  Leominster.  It  then  flows  about  1.5  miles  further  to 
reach  Rockwell  Pond  (elevation  420+)  and  additional  developed 
areas  of  Leominster.  See  Appendixes  B,  C,  and  D. 

5. 2  Design  Data 

The  dcun  dates  to  1876,  and  possibly  earlier.  Hydraulic/ 
hydrologic  design  data  was  not  located. 

5. 3  Experience  Data 

Inspection  reports  from  the  Worcester  County  Engineers 
Office  indicate  that  in  1936,  1938  and  in  March  10,  1958,  the 
level  of  water  was  12+  inches,  4+  inches  and  4+  inches  in  the 
spillway.  The  corresponding  discharges  are  176+  cfs,  50+  cfs 
and  50+  cfs.  These  were  observed  maximum  levels  and  could 
have  been  exceeded. 
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United  States  Weather  Bureau  records  indicate  that  during 
September  17  to  22,  1938,  and  August  17  to  20,  1955,  about  9  inches 
of  rainfall  occurred  near  the  project  location. 

5 .4  Test  Flood  Analysis 

The  dam  has  an  intermediate  size  classification  and  a  high  hazard 
potential.  Based  upon  Corps  Guidelines,  the  test  flood  would  be  the  full 
PMF.  The  test  flood  inflow  would  be  8,600+  cfs. 

Assuming  the  reservoir  was  initially  filled  to  spillway  level 
(photograph  6)  elevation  735.8,  the  test  flood  would  surcharge  the 
reservoir  to  elevation  741. 5+ .  Water  would  be  about  5.9  feet  deep  in 
the  spillway  (photograph  11) ,  whose  maximum  depth  is  about  5  feet. 

The  dam  and  dike  are  overtopped  by  0.9  feet.  A  small  section  of  Route  2, 
adjacent  to  the  dike  (less  than  100  feet  in  length) ,  is  also  overtopped 
by  0.9  feet.  The  outflow  would  be  about  5,070  cfs.  This  assumes  the 
8  inch  high  flashboards  are  in  use.  The  spillway  has  a  maximum  capaci¬ 
ty  of  about  1,850  cfs  at  the  top  of  dam,  or  37  percent  of  the  test 
flood  outflow 

The  4+  foot  deep  stone  masonry  outlet  channel  (photograph  11)  has 
a  slope  of  6  percent  within  the  first  150  foot  downstream  reach.  It 
will  not  be  able  to  transport  the  test  flood  outflow  without  its 
channel  banks  being  overtopped.  About  150  feet  further  downstream, 
the  channel  enters  Monoosnoc  Brook  and  a  relatively  flat  area,  which 
leads  to  Goodfellow  Pond. 

Considering  a  flood  equal  to  1/2  PMF,  the  inflow  would  be  4,300 
cfs.  The  outflow  is  1,720  cfs,  at  the  spillway.  The  reservoir  is  sur¬ 
charged  to  elevation  740.4,  but  the  daun  and  dike  are  not  overtopped. 

5 . 5  Dam  Failure  Analysis 

No  town  Reservoir  has  a  main  daun  (photograph  3)  and  a  dike 
(photograph  22) .  A  failure  analysis  has  been  performed  for  each.  Each 
failure  will  be  discussed  separately.  See  dam  and  dike  failure  impact 
maps  shown  in  Appendix  D. 

Sotown  Reservoir  Dam  s  Dike 


Main  Dam 


The  dam  was  assumed  to  have  failed  when  the  water  level 
was  at  elevation  740.6,  top  of  dam.  Forty  percent  of  a  275+ 
foot  long  section  of  the  21  foot  high  dam  was  assumed  to  have 
failed.  The  peak  failure  discharge  is  16,710  cfs.  The  main 
dam  also  contains  the  spillway  which  will  be  discharging  a  base 
flow  of  about  1,850  cfs  prior  to  dam  failure.  This  base  flow 
will  flood  many  downstream  areas  prior  to  dam  failure. 

The  first  impact  area  is  at  the  power  lines  at  station 
1+00  (photograph  12).  There,  both  base  flow  and  failure  flooding 
could  damage  the  power  line  supports.  Base  flow  flooding  at  least 
3  feet  deep  or  more  could  occur.  Flood  depths  could  reach  13 
feet  due  to  dam  failure,  including  base  flow  stages. 

The  second  impact  area  is  at  station  20+00.  There,  Route 
2  and  Parker  Road  are  flooded.  Both  roads  will  be  flooded  by 
base  and  failure  flows  3  and  10  feet  deep,  respectively.  One 
home,  to  the  north  of  Route  2  may  receive  1  foot  of  damage  by 
failure  flood  water. 

The  third  impact  area  is  at  station  50+00,  the  water  treat¬ 
ment  plant.  The  plant  is  adjacent  to  the  Brook  and  it  will  be 
flooded  by  2  feet  of  base  and  5  feet  of  failure  flow.  The 
first  floor  level  of  the  plant  appears  to  be  above  the  flood 
level.  The  basement  level  will  be  affected. 

The  fourth  impact  area  is  between  stations  30+00  to  110+00. 
From  station  80+00  to  90+00,  Route  2  and  eleven  homes  are  impacted. 
The  base  and  failure  flow  will  flood  Route  2  with  3  and  9  feet  of 
water,  respectively.  The  water  will  overflow  Route  2  and  enter 
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the  residential  area  to  the  north.  Base  flow  will  flood  5 
homes  with  2  feet  of  water.  Failure  flood  stage  will  be  six 
feet  deep  and  flood  an  additional  6  homes  with  at  least  two 
feet  of  water. 

Between  station  90+00  to  100+00  no  homes  are  in  the  base  flow 
flood  area.  Failure  flow  will  flood  at  least  23  homes  with  up  to 

I 

4  feet  of  water.  Failure  flood  stage  is  3  to  5  feet. 

From  station  100+00  to  110+00  additional  damage  will 
occur.  Base  flow  will  flood  about  10  homes  with  at  least  2 
feet  of  water.  Failure  flood  stage  will  be  six  feet  deep. 

An  additional  five  homes  will  be  flooded  by  at  least 
4  feet  of  water.  Route  2  is  also  flooded  in  this  area  by  base 
and  failure  flow. 

Beyond  station  110+00  there  is  a  larger  area  of  residential 
development  which  would  be  impacted  by  the  remaining  failure 
flow  of  15,180  cfs  and  base  flow  conditions. 

Dike 

The  dike  was  assumed  to  have  failed  with  the  water  level  at 
elevation  740.6,  top  of  dike.  Forty  percent  of  a  400  foot  section 
of  the  13  foot  high  dike  was  assumed  to  have  failed.  The  peak 
failure  discharge  is  12,600  cfs.  Since  the  dike  has  no  spillway 
there  is  no  base  flow  flooding  condition. 

Within  the  first  1,000  feet  downstrecun,  several  locations 
are  affected  by  failure  flooding  (photograph  24  ) .  The  flood 
stage  could  be  at  least  5  feet,  depending  on  exact  elevations. 

One  residential  structure  could  receive  flood  damage  2  feet  deep. 
Route  2  and  Oak  Hill  Road  and  one  structure  ’  -lood 
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v/ater  damage  of  5  feet  or  more.  Failure  outflow  would  flow 
westerly  along  the  north  side  of  Route  2  to  a  location  near 
Sawmill  Pond  at  station  30+00. 

From  station  10+00  to  30+00+  the  power  transmission 
line  could  be  damaged  by  failure  flood  water  at  least  five 
feet  deep. 

At  station  22+00  to  40+00  Route  2  is  again  flooded.  Flood 
depths  will  vary  from  5  to  8  feet.  The  affects  of  down¬ 
stream  flow  restrictions  will  be  seen  in  this  area  as  an  increase 
in  flooding  depth.  A  power  substation  and  at  least  13  homes  will 
be  flooded  by  water  depths  of  3  to  8  feet.  Flood  stage  could 
reach  13  feet. 

The  road  embankment  of  5th  Street  and  the  large  manufacturing 
plant  would  recei\*e  flood  damage  of  20  to  30  feet.  A  major  flow 
restriction  appears  to  occur  at  the  manufacturing  plant  location 
which  was  constructed  across  the  steep,  narrow  stream  valley. 

Beyond  this  area,  additional  flood  damage  can  occur  further 
downstream  at  industrial  and  residential  areas  as  the  remaining 
5,600  cfs  failure  outflow  continues  downstreeun. 

The  possible  failure  of  either  the  dam  or  dike  would  create 
a  significant  potential  for  loss  of  life. 
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SECTION  6 


EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations 

The  visual  examination  of  the  dam  indicates  the  following 
structural  problems: 

a.  Horizontal  and  vertical  movement  is  evident  on  the  crest 
of  the  embankment  and  at  the  foundation  of  the  control  tower  access 
bridge.  This  movement  indicates  the  presence  of  unknown  conditions 
which  could  lead  to  a  slope  failure  if  not  corrected. 

b.  The  presence  of  soft,  wet  ground  and  standing  water  at  the 
downstream  toe  of  the  dam  may  be  the  result  of  a  seepage  condition, 
which  if  not  controlled,  could  lead  to  failure  of  the  dam. 

c.  The  presence  of  water  exiting  from  the  embankment  around 
the  outlet  pipes  could  lead  to  internal  erosion  of  the  embankment. 

Visual  inspection  of  the  dike  did  not  indicate  any  immediate 
problems  but  the  occurrence  of  large  root  systems  on  the  upstream 
face  of  the  dike  could,  if  left  unattended,  result  in  seepage 
paths  leading  into  the  dike. 

6 . 2  Design  and  Construction  Data 

The  available  data  on  the  existing  plans  for  the  dam  and 
dike  are  inadequate  for  analyzing  the  stability  of  the  dam  and 
dike. 

6. 3  Post  Construction  Changes 

The  1894  plans  indicate  that  the  heights  of  the  dam  and  dike 
were  raised  about  1.5  to  3  feet  at  some  time  after  the  original 
construction  of  the  dam.  In  1930  and  1931,  the  upstream  side 
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slopes  of  the  embankment  were  modified,  by  installing  a  steel 
sheet  piling  wall  with  a  concrete  cap  along  the  length  of  the 
embankment,  grouting  the  existing  riprap  with  concrete  and  pouring 
an  upper  6  foot  high  concrete  corewall. 

6.4  Seismic  Stcdaility 

The  dam  is  located  in  Seismic  Zone  2,  and  in  accordance  with 
the  recommended  Phase  I  guidelines,  does  not  warrant  seismic 
analysis . 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  &  REMEDIAL  MEASURES 

7. 1  Assessment 

a.  Condition 

Dam 

The  visual  inspection  indicated  the  dam  to  be  in  generally 
fair  condition.  However,  it  is  rated  as  poor,  based  on  the  follow¬ 
ing; 

The  presence  of  soft,  wet  areas  at  the  downs trecun  toe 
may  be  the  result  of  seepage  which,  if  not  controlled,  could  lead 
to  internal  erosion  auid  failvure  of  the  dam.  The  water  observed 
seeping  from  the  embankment  around  the  outlet  pipes  could  also 
lead  to  failure  of  the  dam.  Large  root  systems  present  on  the 
upstream  and  downstream  slopes  could,  if  not  removed,  create 
seepage  paths  which  could  lead  to  internal  erosion  of  the  dam. 

The  settlement  observed  on  the  crest  of  the  dam  and  at 
the  foundation  of  the  control  tower  access  bridge  indicates  the 
presence  of  unknown  conditions  in  the  dam  which  could  lead  to  a 
slope  failure  if  not  corrected.  The  crest  of  the  dam  is  also 
susceptible  to  erosion  since  it  is  not  covered  with  protective 
vegetation . 

The  hydraulic/hydrologic  analysis  indicated  the  outlet 
works  to  be  inadequate  to  pass  the  test  flood  outflow,  resulting 
in  the  dam  and  dike  being  overtopped. 
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Dike 


On  the  basis  of  visual  inspection,  the  dike  is  judged 
to  be  in  generally  good  condition.  The  large  root  systems  on  the 
upstream  face  of  the  dike  could,  if  not  removed,  result  in  seepage 
paths  leading  into  the  dike. 

b.  Adequacy  of  Information 

The  lack  of  in-depth  engineering  data  did  not  allow  for 
a  definitive  review.  Therefore,  the  adequacy  of  this  dam  could 
not  be  assessed  from  the  standpoint  of  reviewing  design  and  con¬ 
struction  data,  but  is  based  primarily  on  visual  inspection  and 
sound  engineering  judgement. 

c.  Urgency 

The  recommendations  presented  in  Section  7.2  should  be 
implemented  within  one  year  after  receipt  of  the  report  by  the 
Owner. 

7.2  Recommendations 

The  Owner  should  retain  a  qualified  registered  professional 
engineer  to  investigate  and  design  required  remedial  measures  for 
the  following: 

a.  Soft,  wet  areas  at  the  downstream  toe. 

b.  Seepage  exiting  around  outlet  pipes  in  the  dam. 

c.  Seepage  exiting  from  the  walls  of  the  outlet  channel. 

d.  Settlement  of  the  crest  of  the  dam  and  the  observed 
movement  of  the  access  bridge  seat. 

e.  Means  for  removing  trees  and  brush  roots  from  the  dam 
and  dike  and  selecting  acceptable  backfill  for  holes  caused  by 
root  removal. 
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f.  Pools  of  standing  water  in  the  spillway  channel. 

g.  Perform  a  detailed  hydrologic/hydraulic  investigation 

to  determine  overtopping  potential  and  need  for  increasing  spill¬ 
way  capacity. 

7 . 3  Remedial  Measures 

a.  Operating  and  Maintenance  Procedures 

1.  Brush  growing  on  and  up  to  150  feet  downstream  of 
the  dam  should  be  cut  to  permit  inspection  of  the  area  downstream 
of  the  dam. 

2.  Brush  growing  on  the  dike  should  be  cut. 

3.  The  outlet  channel  walls  should  be  repaired. 

4.  Bushes  growing  in  the  spillway  channel  should  be 
cut  and  new  growth  cut  every  year.  The  spillway  channel  floor 
and  walls  should  be  repaired. 

5.  Grass  should  be  planted  on  the  crest  of  the  dam  to 
prevent  erosion  on  the  crest. 

6.  The  broken  handrail  post  on  the  service  bridge  should 
be  repaired. 

7 .  A  formal  system  should  be  developed  for  monitoring 
the  project  during  and  just  after  periods  of  high  precipitation 
and  to  warn  downstream  residents  in  case  of  an  emergency. 

8 .  The  dam  and  dike  should  be  inspected  every  year  by 
a  qualified  registered  professional  engineer  who  can  identify 
conditions  of  concern  which,  if  left  unchecked,  could  jeopardize 
the  safety  of  the  dam. 
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9.  The  Owner  should  establish  a  formal  operational 
procedure  and  maintenance  progreun  for  the  dam  and  dike. 

7.4  Alternatives 

There  are  no  practical  alternatives  to  the  recommendations. 
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APPENDIX  A 
INSPECTION  CHECKLIST 


A-1 


iYotovn  Reservoir  Dem  s  Dike 


PERlOniC  iriSPECTION  CHECKLIST 

EC’’  No  Town  Reservoir  Dam  CATE  10/24/79 

PCnJECT  -EAT'JRl  Dam  Embcuikment 

HAHE  D.  LaGatta,  s.  Whiteside 

01  SC  I  FI.  I  HE  Geotechnical 

HAHE  R-  Cheney 

Structural 

AREA  EVALUATEO 

COriDITIOH 

DAH  EHAAHKnEr.T 

• 

.  . . 

C>'est  Elovation 

740.6+  (top  of  dam) 

Current  '’ool  Elevation 

733+ 

Maximuiti  Impoundment  to  Date 

2,850  acre-feet+  (1936) 

None  observed 

SurCaco  Cracks 

Pavonent  Condition 

Unpaved  crest 

'■''■'vemsnt  or  Settlenient  of  Crest 

None  observed 

Lateral  ‘iove"’ent 

None  observed 

V';‘*ticai  Alipnrent 

Upstream  slope  at  edge  of  crest  appeared 

to  have  settled  about  3-in.  in  some 

•orizontal  Aiionment 

areas 

Good 

Cotidit'pn  at  Abutment  and  at  Concrete 

Erosion  of  downstream  slope  next  to 

Structures 

head  wall  for  outlet  pipes. 

» 

I’'dira':i^'ns  o^  Movement  of  Structural 

None  observed 

Items  O';  Slo|)es 

f ••esoassinn  on  Slopes 

Vehicles  on  crest,  pedestrian  path  on 
downstream  slope 

Slouo’ninn  or  Erosion  of  Slopes  or 

Erosion  of  downstrecun  slope  next  to  head 

Abutments 

wall  for  outlet  pipes. 

Rock  Slone  Protection  -  Ripran  Failures 

Good  condition 

Li'usual  Movement  or  Crackino  at  or  Near 

7''9 

None  observed 

L''’';S';al  Embankment  or  Dovnis troam 

Extensive  wet  areas  downstream  of 

S  0  G  i  ?  ^ 

downstream  toe.  Seepage  through  walls 
of  outlet  channel 

oi '10  'T-  Soils 

None  observed 

F'^u’',dati ^n  Drainaee  Features 

None  observed 

Tee  Drains 

None  observed 

■■;s  tr'm'f’nttTt-iori  S'/sten; 

None  observed 

Trees,  bushes  and  dense  brush  on  down- 

stream  slope.  Brush  had  been  cut  in 

PE-'IODIC  IliSPECTIDN  checklist 


No  Town  Reservoir  Dam  and  Dike 


10/24/79 


;EC‘r  "■'I'.T/P"  Dike 


Geotechnical 

Strtjctural 


rjAME  LaGatta,  S.  Whiteside 

IjAilE  R-  Cheney _ 


APE,.'  EVAL'JATEn 


COHDITIO’ 


.rest  Elevation 
T;rre''t  Pool  Elevation 
■'-a y r'ji'i  Ii-poo’idrent  to  Cate 
iui'face  Cracks 

Pavei-ent  Condition 

'■!ove~ent  O'"  Settlement  of  Crest 

Lot'''rai  I'ovement 

Vertical  Aliqnn'ent 


740.6 


2,850  acre-feet+  (1936) 

None  observed 

Unpaved  crest.  Paved  road  at  toe  of 
dam  in  poor  condition. 

None  observed 


None  observed 


•■o'-m'onta '  Alionment 

C''nriitio''  at  Abotnient  and  at  Concrete  Good 
t  roc  tores 

i’v‘' ca  t  ions  of  Movement  of  Structural  None  observed 
Itco.  on  Slones 


"resnass i-vj  on  Slopes 


pedestrian  and  vehicle  paths  on  down¬ 
stream  slope. 


5 1 or  Erosion  o^  Slones  or  Erosion  (6-in.  deep)  along  path  on 

•‘•‘''jtryjf' rs  downstream  slope  about  50ft  righ  of 

left  abutment. 

Rock  Slope  rrotection  -  Riprap  Failures  Riprap  in  good  condition 


ijnns:.;.-'!  "ovement  or  Cracking  at  or 
tear  Toes 

','n  .'■■oa"  E’O'cnk'vent  or  Cnv/ns treat: 

j  u  r-  e  are 

"’O' "7  or  Coils 
'c'.'ndatioii  Crai'’ane  i'eatures 


None  observed 

Extensive  surface  water  downstream  of 
,  roadway.  Probably  accumulated  runoff. 

None  obsem/ed 

None  observed 

None  observed 


I  None  observed 

Trees,  bushes  and  dense  brush  on  upstream 
cind  downstream  slopes.  Brush  had  been 
[  cut  in  some  areas  and  stumps  left  in  plac( 


HlRIOCIC  Ki^.’ECTIOn  C':rca!i,T 


AhijA  rvAi.uATrn 


cunnT  ::;V'-:s  -  tit/uce  CiiA;i;;Ei  Afio 

a.  An'iraacA  Channel 
SiO!'"  Conditions 


^otto"!  Conditions 


^oo-c  Slides  or  rails 


UnaUsle  to  observe  due  to  water  level. 


,.00  ■  ocin 


■'ebri  s 

Condition  or  Cono*'et9  Lininc 


Crains  nr  '’.'r''*!;  Ho 'os 


I  0.  intake  Structijre 


Condi t’on  of  Concrete 
Stop  wCns  and  Slots 


The  concrete  intake  structure  was 
observed  to  be  in  good  condition. 


■JinSle  to  DTIC  does  not 

.ep.ol-'rl® 


L 


PERIODIC  k;spec 

TION  CUECLLIST 

-'noirr^  I'-’o  Town  Reservoir  Dam 

t-.iyp  10/24/79 

PROJECT  FEATURE  Control  Tower 

D.  LaGatta,  S.  Whiteside 

CrSC'PLIUE  Geotechnical 

NAOE  R-  Cheney 

Structural 

•AREA  EVALUATED 

« 1/  i  1  .  0.  * 

OUi-LET  AORKS  -  CONTROL  ’GOER 

Concrete  and  StrLictorai 
Genera'  Condi  t'ion 
Condi tion  of  Joi nts 
Snail inq 

','isib''e  Rein.-^orcinq 
Rustinq  or  Stainino  of  Concrete 
,-ry  Seeoace  or  Efflorescence 
Joint  Alicnn^ent 

Unusual  Seeoace  or  Leaks  in  Gate 
Chamber 

Cracks 

Rustinq  or  Corrosion  of  Steel 
."echanical  and  Electrical 
Air  'ien ts 
-Irnt  '.'plln 


good 

good 

none  observed 
none  observed 
none  observed 
none  observed 
none  observed 

i 

gates  were  open  and  in  use 

none  observed 
none  observed 

all  gates  manually  operated 


1 :  e'/ato'' 

■ycn'aul'c  Svsto"' 
Service  Gates 
E-O'-q-^'icy  Goto;. 

L  ^  t  n  r  ' 


cdloble  to  DTIC  doos  ««t 


PERIODIC  KISPF.CTIOM  CIlFCKLiST 


PROJECT  No  Town  Reservoir  Dam 

DATE  10/24/79 

PROJECT  FEATURE  Transition  s  Conduit 

NAME  0-  LaGatta.  S.  Whiteside 

DISC  I  PL  IMF.  Geotechnical 

NAME  R.  Cheney 

Structural 

1 

AREA  EVALUATED 

CONDITION 

outlet  MORRS  -  TRAMSITiOM  AMD  CONDUIT 

No  transitions  or  conduits. 

General  Condition  of  Concrete 

Rust  or  Stainiriq  on  Concrete 

Spal 1 i m 

Erosion  or  Cavitation 

Cracki no 

j  Alinnninnt  of  1‘onoliths 

!  Alioptrent  of  Joints 

j  Muii’berinq  of  I'onoliths 

1 

1 

Coi^  available  to  DTIC  does  not 
penait  fully  legible  lepioduction 


PERIODIC  insPECTinr.'  checklist 


Mo  Town  Reservoir  Dam 


PROJECT  FEATURE 
OISCIPLiriE _ 


Outlet  Structure 


Geotechnical 


Structural 


AREA  EVALUATED 


OL'TLE'  LORES  -  OUTLET  STPJJCTURE  jUiO 

Oe-iDral  Condi  Lion  of  structure 
Rust  or  Stairn’riq 
Soal 1 ing 

Erosion  or  Cavitation 
Visible  P-einforcinq 
Any  Seepage  or  Ef f lorescence 
Condition  at  Joints 


!)ATE  10/24/79 _ 

ilAHE  D-  LaGatta,  S.  Whiteside 
rJAME  _  R.  Cheney 


cnuDiTior 


Masonry  wall  at  pipe  outlets. 
Seepage  observed  at  one  pipe. 


-a’n  noiOS 


Cbanno I 

Loose  Pock  or  ~rees  Dvorbanginq 
Cn an no’ 

Condition  of  Discharge  Channel 


None  observed 

Bottom  covered  in  gravel  and  cobbles 
bordered  by  stone  and  concrete  walls 

None  observed 


PERIODIC  iriSPLCTIOri  CHECKLIST 

PPiMrf.T  No  Town  Reservoir  Dam 

DATE  1./24/79 

PROJECT  FEATURE  Spillway 

NAI'F  LaGatta,  S.  Whiteside 

DISCI  PCI  HE  Geotechnical 

riAME  Cheney,  M.  Angieri 

Structural 

AREA  EVALUATED 

CONDITION 

OUTLET  W0R:;s  -  SPILLWAY  WEIR,  APPROACH 
'  '’'ii^^PJSCiiAIIC^  CHAHHELS . . 

• 

a.  A:)nrt;ac*'.  Ci'.aiine’ 

Senerai  Condition 

good 

Loose  Rock  Overhanoi no  Channel 

some  small  trees  and  brush 

Trees  Overhanqino  Channel 

no 

Floor  of  Approach  Channel 

stone  covered  with  gravel  and  silt 

b.  Weir  and  Traininq  Walls 

General  Condition  of  Concrete 

fair 

Rust  or  Staininq 

none 

Spall  i m 

none  observed 

Any  Visible  Reinforcinq 

none 

,Any  Scenaqe  or  Efflorescence 

none 

Crain  licles 

None  observed 

c.  Discharqo  Channel- 

General  Condition 

fair 

Loose  Rock  Overhanqinq  Channel 

None  observed 

~rees  Overhannino  Channel 

Some  trees  overhanging  channel 

Floor  of  Channel 

Covered  in  riprap,  stepped  configuration, 
brush  growth,  some  settlement 

Ot-ier  Obs tractions 

Stumps  from  cut  brush 

Copy  available  to  DTtr  w 

P*aait  fully  leoiKi^  “ot 

*  reproductioa 

i 


PERIODIC  inSPECTinri  checklist 


^’■'OJE'T'  Mo  Town  Heservoir  Daun 

DATE  10/24/79 

PPOJECT  FEAT!JPE  Service  Bridge 

ilAHE  D.  LaGatta,  s.  Whiteside 

DISC  I  PL  I  HE  Geotechnical 

NAME  R-  Cheney,  D.  Vine 

Structural 

AREA  EVALUATED 

CONDITION 

. 

a.  Si;per  St:rLiCtL;r9 

Dearinos 

generally  good  condition 

Anchoi'  So  Its 

none  observed 

Gridne  Seat 

1 

good  condition 

Longitudinal  ,Me'i;bers 

good  condition 

Underside  of  Deck 

good  condition 

Seconoany  Bracing 

good  condition 

j  Deck 

good  condition 

1 

Drai.naoe  System 

none 

Pail inqs 

one  post  broken  loose 

Expansion  Joints 

none  observed 

Paint 

fair  condition 

h.  Abutment  A  Piers 

• 

General  Condition  of  Concrete 

good 

Aliorin’ent  of  Abutment 

good 

Aonrcach  to  Bridge 

good 

Condition  of  Seat  A  BackwaH 

settlement  at  dam  seat  about  3"+ 

Oopf  avdSoble  to  DTIC  does  not 

Sennit  full^  legible  zepioduction 

LIST  OF  ENGINEERING  DATA 


1.  Design  Plans  dated  1894  and  1930  and  County 
Inspection  Reports  between  the  years  1924  and 
1962  were  made  available  at  the  Worcester  County 
Court  House,  Engineering  Office,  Worcester, 
Massachusetts . 

2.  The  Coffin  and  Richardson  Report,  evaluating 
the  dams  owned  by  the  City  of  Leominster,  was 
made  available  by  the  City  of  Leominster, 
Engineering  Department,  Leominster,  Massachusetts. 
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nil 


Tor  or  c* 


STEEL  riLINS 


. 


of. CLAY  r  A'* 


>SOTTOM  OP  STEEL  PILINt 


-SOCK  UPPROU 


.  «•  .  r— l*-4”C0«CRETt 

•  RICR  i]  I  /rROML«*^^Sh>jR^/^^ 

CUT-OPP  WALL— •Jl  *lo|  /  tMT-OPP  WALLS?<<Ofci,-^ 


t-24~  PIPER 


- - - - , 

*  X*^CORCRETE  WALL  UNDER  PIPES 


'-TOP  OP  CLAY-  WEARINC  SOIL  lAPPROX.) 


STEEL  PILINS  SETWEEN  PIPES 


TOP  OP  ROCK  (APPROX. I 


)N  THROUGH  OUTLET  PIPES 


NOTE! 

TAKEN  PROM  PLANS  OP 
DATES  SEPT.  S.ISSO 


3 


HAYDEN,  HARDING  a  BUCHANAN,  INC.  US  ARMY  ENGINEER  OlV  NEW  ENGLAND 
COHtUCTINC  (NtINCCm  COR^S  OF  CNUNCCR* 

_ OOSTOW.  mS»ACHU$tTTl _ _ WALTHAM.  MAtt  ■ _ 


NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FED-  DAMS 

NOTOWN  RESERVOIR  DAM 

PLAN, PROFILE  8  TYPICAL  SECTION 

LEOMINSTER  -  _ _ MASSACHUSETTM 

I  I  I  OCAlC:  MOT  TO  tCALt  M 


ROUTE  2 


I 


DOWNSTREAM  ELEVATION 


B-4 


\ 


NOTE: 

ELEVATION  VIEW  FROM  US 
PLAN  VIEW  FROM  DRAWING 

_ I _ 


/ 


HAYDEN,  HARDING  8  BUCHANAN,  INC 

US  ARMY  ENGINEER  DIV  NEW  ENGLAND 

CONSUkTINS  cncinecks 

CORPS  or  CNSINEERS 

•OSTON,  l•»SSACHUSCTT$ 

WALTHAM.  MASS 

NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FED  DAMS 


NOTOWN  RESERVOIR  DIKE 
PLAN  a  ELEVATION 


^lEW  PROM  uses  MAP  8  FIELD  INSPECTION 
ROM  DRAWING  BY  8.  RAYMOND  C.E.SEPT.  1894 
X _ 


LEOMINSTER 


MASSACHUSETTS 


«C*Lt  WOT  TO  SC«LC 


[#] 


ROCK  ON  TOP  OF  DIKE 
NOT  FOUND  DURING  FIELD 
INVESTIGATION  (11-5-79) - 

9EL.52.9  PROPOSED  HIGH  WATER  LEVEL _ _ 


^  ♦  EL.  50.0 

PRESENT  HIGH  WATER  LEVEL  «*1  1 

■ 

GRAVEL  L.r 

CROSS  SECTION 

note: 

I  TAKEN  FROM  PROPOSED  DIKE  MODIFICATIONS  WORCEt' 

B-5  1  ENGINEER  DEPARTMENT  DWG.  DATED  OCT.S,  ISt4 

B-5 


ONt  WOKCEtTER  COUNTY 

t,  1104 


HAYDEN,  HARDING  &  BUCHANAN,  INC 
CONSULTIMC  CNSlHIEAt 
_ ■OSTOII.  IIA55»CHU5ETTt _ 


US  army  engineer  Olv  NEW  E» 
conn  or  CMOiNCCAt 


NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FED- 

NOTOWN  RESERVOIR  DIKE 

CROSS  SECTION  DIKE 


LEOMINSTER 


I 


MASSACHUSEti 


SCALt:  NOT  TO  tCALI 


DATE 


FEONUANT.  ItOO 


TOWN 


^***««-  ■«««■ 


LOCATION 


DAM  NO. 
STREAM 


Ar. 


H'S'  “ 

WOTCESTER  CODNTT  EN5INEERINO  DEPARTMENT 
WORCESTER,  MASSAC HDSE3TS 


SAIS  ifiSPECJlIOH  REPORT 


t>y  Place 

Inspected  by  _ _ _ 


Type  of  Osffl 


*  Condition  Aa  -  -» 


SPILLWAY 

Plashboards  In  Place  ^ 

Condition  -ta^  ac^ 


Recent  Repairs 


Repairs  Needed  - 


sia  v  ' 


EMDANXMEIB* 

Recent  Repairs 

^  /3 

Condition  ____ 

Repairs  Needed 

- 

• 

OA'tes 

Recent  Repairs 

Coridltlon  ___ 

f**.  . 

;r>u 

Repairs  Needed 

LEAKS 

How  Serious 


DATE: 


County  Engineer 


■a-(o 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 

Inspeetion  of  Dams,  Roservoir  Dams,  and  Reservoirs. 


Inspected  byL,0,14arcLen..™. .  Date...Noy,.1.4,.J,9.g.4.  Dam  No . .26“12., 


Towm-.-.I^fiffinlnster..'^. . 

(>raer....CltX...Ql!...Ei.tJRbte«rg.!!^. . Use . wafeo?!...auppil.I..r. . 

Type  Earth  dam  -  granite  fflasonery  aplllwa^^^ 


Dam  Designed  by. . Constructed  by . Year _ 


SPILLWAY  LRRGTH  50 

EL  top  Abatment.....^.Q.Q....!^...EL  Crest . . EL  Apron . El.  Streambed.....7.?..^.^. . 

Width  top  Abutment...gO...‘:rr... Width  top  Crest....2.Q..f.....Width  bottom  Spillwny..QP....wi.le.3t..J?.a.rt., 

TUdth  Flaahboards  earned. . ISnd  Flashboards. . 

EL  Flowline  Cleanout  Rpe. . ffise  and  Kind  Cleanout  Pipe . 

Kind  of  Foundation  under  Spillway . . . 

Condition . g.Q.Q?<l..."r. . 


EMBANKMENT  ^  LEM0TH500 

EL  Top . 10.0....i^. . El.  Natural  Ground. . .78 . Width  Top . .20..:^. . . 

Width  of  Bottom . .80. . Upstream  Slope..^.n.»..^...l^.#.?!.1'}3i . Downstream  Slope  . . 

Kind  of  CoiwalL . Riprap . dovms .tream. 

Material  in  Embankment . . Foundation . 

Condition . 39.5.4. . 


GATES .  . . . Looation....n.9.ftT....C;,.j;<.t....P.f...5ieffl. . 

Sise......?...SQ.!!....5..t.4s...E.4-P.5. — Kind . El.  Flowline . . . 


Condition... 


WHEEL.. 


..ffise . Rated  H.P.. 


Location... 


..Ave.  Head . 


Evidence  of  Leaks  in  Structure . JXOZljQ.. 


Recent  Repairs  and  Date. . JXOna . . ! . 

Topography  iA  Country  below  Dam . woQded...rough... 


Nature  of  Buildings  and  Roads  below  Dam...nPne...jLme4.4.fl.t.ly...k«.1.0!*. 


Number  Acres  in  Pond. . . . Drainage  Area  in  Square  MQes.. 

Discharge  in 'Second  Feet  per  Square  Mile . . . 

Estimated  Storage  MQlian  Cubic  Feet . .  . 3rX . 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

coimrr  enginebr 

InspeetioB  of  Duni,  Raoervoir  Duos,  and  Reawvmts. 


Inipaeted  by . L«.0.*lIar.den. .  Dato...Sec«X0yl29&  Dam  No . 26-12-' 

Town....Xeoillllxtatas. . Location. . . 

4nomn»X'fer*  Wafeir  WorteJ. . Ul0_ . 

Mi^nial  and  Type. . . . . . . . 


Dam  Dctignad  by. . Conatraeted  by.. 


SPILLWAY 

EL  t(9  Abutment. . EL  Great . EL  Apron. . EL 

Tndth  top  Abutment . inidth  top  Greet . Mdth  bottom  SpiOway. 

Wutth  Haehboarde  eanied..... _ _ _ _ _ Snd  Flaehboarda. . . 

EL  Ilowline  Gleanout  Pipe . SSee  and  Snd  Gleanout  Pipe . 

Emd  of  Foundation  under  Spillway . . . 

Gondition. _ . . . 


EL  Streambed.. 


EMBANKMENT 

EL  Top . EL  Natural  Ground. . Width  Top . 

Width  of  Bottom . Upetream  Slope . Downatream  Slope . 

Bind  of  GorewaU. . — . .’ . Biprsp . . . . 

Material  in  Embankment . - . Foundatioa . . . . . 

Gonditicm . .oiiihantoont...l>ftlnE..Bldcpftd!r.4<»tml;r.qiiw,..8l.op»...i.p.Q.y.q.6.ai!>.<il...1;.o...Bl?.1;....?.t.l>. 

. . -....Loeation. . . . . 


..Bnd. - - EL  Flowline... 


Gondition... 


WHEEL.. 


..Sm. . Sated  H.  P-.. 


Loeation. . . . . . Are.  Head . . . . 

Eridenee  of  Leaks  in  Strnetuie........telX6.1<T.f>.a{R...9.1df»....os:baAent..  about  ^ 

baHyBB.<s...no..mo.Y!ti...m0.nb....Qr....w.6jtL9.i:.£..Mr.«....Ql,A9.9.QP...8tiAt;.9..9....i;bis...i..s...Qp.i^...l<gj^.j.^^ 

badi  water. 

Recent  Sepaiie  and  Date. — . 

Topography  of  Gountry  below  Dam . . . . 


Nature  of  BuSdiagi  and  Roads  bdow  Dam.. 


Number  Aeres  in  Pond. . Draini^  Ana  in  Squam  kdes... 

Dieeharga  in  Second  Feet  per  Squan  MQe - - — . 

Estimated  Storage  Million  Gubio  Feet . -a'-js . . . 


■••a—w 


I 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

GOQNTY  ENGINEER 

lupeetion  of  Domi ,  BMerroir  Donu,  sad  Basenroin. 


laspeeted  by..,. . XtOU. 


Dato...&.r.9.r20. .  Dsm  No. 


/C 


Town - Iifi.QffljRJS.tsr. . . — Lowtiaa _ IiO....TiQJ!Cn....RjQa« _ 

Owner . . . . . 

Mitorinl  . . . . . . . . . 


Dun  Dongned  by _ Conatrosted  by. . . ...Year _ 

SPILLWAY— Length.... . . Feet.  Depth. _ Feet 

EL  top  Abutment. _ EL  Cnel _ _ _ EL  Apron. _ EL  Stnambed. _ 

'Vndth  top  Abntment. _ Width  top  Cnet. _ Width  bottom  SpOlway _ 

f^dth  Flaehboarda  eairiad - - - Snd  liaahboaide _ 

EL  Flowline  Cleanout  Pipe - - - Siae  and  Elnd  Cleanont  Pipe . . . . . 

Sind  of  Foundation  under  Spillway . . . . 

Condition. . . . . . 


EMBANKMENT— Length  oreraU _ _ Feet 

EL  Top . . . EL  Natural  Ground _ _ _ _ Width  Top. . . . . . 

Width  of  Bottom . . — . . . Upatieam  Slope . . . . Downatieam  Slope . . . 

E3nd  of  CorewalL....  ...............................Riprap. ................................  I 

Material  in  Embankment. . . . . ..... - - — . Fonndation . . . . . . 

Condition. . .<U‘.l.Ytng...c.QriSt...o;C...a.t.e.aI..3txiactLls^.is...capplng...isltlL..aoiiB2:ab«. - 


GATES . . . . . . 

Siae............................... 

Conditioa. - 


WHEEL . Kind. . . 

IrfOeation......... 

Eridanee  of  Leaka  in  Strnetuib . . . 


................................................I^ooatifl^r. .............. 

..Kind . . .......SL  Flowline.. 


..Siae _ _ Bated  H.  P.. 

_ Am  Head. — . . 


Beeent  Repaiii  and  Date . . . . . . . ...... — ................... — . . 

^^opography  of  Country  bdo^w  ^^am.......................................................... 


_ 1  n.- j.  Tv._ 


Natan  of  Buildinii  and  Boada  below  Dam.. 


Nnmbar  of  Aeiea  in  Pond......... . . . Drainage  Ana  in  Squan  hfflea.. 

DbdmifB  in  Saeond  Feat  par  Sqnan  MDo. 

Btoiaga  Minion  Cubio  Feat..... 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 

laipeetioB  of  Duna,  Rooervoir  Dami,  and  Baaervoin.  . 

iMpwtadby. . ■LCMr.glaaRQttrRflatarflll...  Date _ ^8.rJgg."5.0 .  Dam 


Vmm^a  tm  ■ 

Town - .Lft.flWinatar. . . Loeation. - Hft...X.(wna..3^fla*.. . . . 


Ownar...„ . . . 

Matarial  and  T^rpe... 


Dam  Daaigned  by. . . Conatnieted  by. . Year _ 

SPILLWAY — ^Length. . Feet.  Depth. . . Feet 

EL  top  Abntmant - EL  Greet. _ Aiwon.-.. . . . EL  Streambed. _ _ _ 

'Vndth  top  Abutment. - Width  top  Greet. _ .Width  bottom  SinHway _ _ _ 

Width  Flaahboaide  earned - Cnd  Flaahboeida- . . . . . . . . 

EL  Flowline  Gleanoat  Pipe — _ _ ffim  and  Elnd  Gleanont  Pipe . . . . 

End  of  Foundatum  under  Sjullway . . . . . . . . 

^?OnditlOn.........i.................M............  .............  .a....  ......  ..............................  H.........  .......  M.......  ................ 

EMBANKMENT— Length  oireiaD... . . . Feet 

EL  Top . . . . . EL  Natural  Ground..... _ _ _ Width  Top. . . . . . . — 

Width  of  Bottom . . . . . Upetream  Slope. . . Downstieam  Slope...... . . . .......... 

End  (rf  GorewalL - - - - - - - - - - Biprap _ _ ....... 

Material  in  Embankment - - - - - - - Foundation _ _ ... _ 

Cooditioa.....fl.9iis.1amatlng...MEa..x)ir-.latwloc364ag...Bt»el--9heeti»c-ln-tipstr«aar - 

side  of  emb-as  paving  upstream  slope  ^?lth  reinforced  concrete  -accordliic  to 
GATES . . - - - - - a’...... _ Xoeathm 


Siee..... . .  Kind........................... 


.....  JL  Flowliaa.. 


Gonditfam . . 


WHEEL.. 


..End. 


Loeation 


..Siae - - Bated  H.  P.. 

_ kn.  Head _ _ 


Evidenoe  of  Leake  in  Structure. _ _ 

Beeent  Bepain  and  Date . . . . — 

Topography  of  Gountry  bdow  Dam - - 

Nature  of  Bail<Eii|B  and  Boade  below  Dam... 


Number  of  Aerea  in  Pond. - Drabafe  dm  in  Square  hOlea... 


F 


X 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

GOUNTT  ENGINEER  . 

laqiMstioD  of  Doom,  BMOtroir  Duns,  utd  ReaerroizB. 

iMpeeted  Date..I>feC.»3!#.I9.S2......  Dm  No.^&.tI2...«:.2A:r 

Town. — .Leominster - Xoantun — .Nfi...Xpm..Re.5.eryftlr... _ 

Ownar  Leominster  Water  Deot*  Hm 

Dun  Dwignad  Izy. - Conatraetad  by. . . . . ...Tew. _ i 

SPILLWAT— Length — Feet.  Depth _ Feat 

EL  top  Abatment - - - EL  Craat.-... - JEL  Apnm. _ _ H  Streambad. _ .: _ _ 

'^Hdth  top  Abntmant..-.. _ ^ndth  top  Ctaat....... _ .......Width  bottom  SpQlwny _ ... _ _ 

Width  Flaahboarda  aaniad _ _ _  Kind  Fiariiboarda _ _ _  I 


EL  Ilowlina  Claaaoat  ^m.. 


liaa  and  Snd  Qaanont  Kpa.. . . . 


Kind  of  Foundation  under  SpQlway - - - - 

^^ondztiifl^r...............M... .............  M. .........  M....d4l^.4..H....M....  ............ 


EMBANKMENT— Length  ovaratt _ Feet 

EL  Top _ _ _ _ _ .....EL  Natinal  Chroond _ 


Width  of  Bottom. _ .......... 

Kind  <rf  CorawaD — _ _ 

Material  in  Rmhankmenl, 


_ _ ......Dpatinam  Slope.. 


.Width  Top - ...«.., 

Downatiaam  Slope.. 


. . Biptap.... 


- - Foundation. _ 


Condition...... _ 9.rK.*..-..?.e.§t„.®e.„com5ileteiy_XSP.o»i5.t.EV»jR 

creditable  manner. 


GATES... 
Siw _ 


.  iX^jaation. 


.Kind,. 


..EL  Flowlina.. 


Condition....jlSlpne..At..jRes.t..d3rJ£a. 


_ X 


WHEEL _ _ _ Kind. - 

Location. _ ...... — . — .... 

Evidenoa  of  Laaka  in  Structnre . 


..Siae. - Jtatad  H.  P.. 


.JLto.  Head _ 


None  visible. 


Beecnt  Bepaiia  and  Date.. - .... — 

Topogn^diy  of  Conntzy  below  Dam - 


Natnia  of  Bufldingi  snd  Boadi  below  Dam.. 


Nu^aber  of  Aaiaa  in  Pond . . 

Diaeharfa  in  Saeond  Faat  par  Square  Mila. 
IhtiaBated  Storaga  MDBoa  Cubie  Feat..... 


.  J)ninaga  Aran  in  Sqnaia  MHaBn... — ....................  j. 


M 


I 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

CODMTT  BNGINBBR 

IntpeetioB  of  Duns,  Boaonroir  Dams,  and  Raaervoin.  y  ^ 

Iiupaeted  .  Data.  Jyn«  ..27jil935  Dam  No 


Town. _ ?.it.cfebui:|5 .  . Ho  Town  Reservoir. 

Leominster  water  Dept.  Uaa. 


Matarial  and  Typa... 


Dam  Dangnad  by.. 


..Conotraetad  by.. 


SPILLWAY 

EL  top  Abutmant . EL  Ccaat . EL  Ai»on. . EL  Straambad... 

Width  to^  Abutment - Width  top  Craat - Width  bottom  SpUlway. . . 

THdth  Haahboarda  eairiad _ Kind  Flaahboarda . . . 

EL  Tbwhne  Cleanont  Pipe. . . . . Siae  and  Cad  Claanoat  Pipe . 

Cnd  of  Fonndation  nndet  Spillway . . 

r«— concrete  aide  walla  to  wasteway  dam 


EMBANKBfENT 

EL  Top. . El.  Natural  Ground. . Width  Top. . 

I^dth  ci  Bottom - - -...Upatnam  Slope. _ Downatream  Slope . . 

Cnd  of  CorawaO. . . . . . Bipn^i . . . 

Idatarial  in  Embankment . . . . . Foundation. . . . 

filled  In  land  below  einbankiBent>  grassed  over-  no  leaks 

▼Islble. 


GATES.. 


..Loeation... 


...Kind... 


- - EL  Fhtwlina... 


WHEEL. . -...End.., 


..Saa. - - Bated  H.P.. 


TxMsatifln.....<...................................................M......................................i^Laa.  19aad .......... 

Eridenea  of  Leake  in  Stniotu».....,...9.0.9.«....y.lS.i^!.l..«..?. _ _ 


Baeaat  Bapaira  and  Dato~.. _ .... 

Topogr^ihy  of  Country  below  Dam.. 


Natuia  of  BuOdlnp  and  Boada  below  Dam.. 


Number  Aotaa  in  Pond.....» . Drainaga  Ana  in  Squan  Iifilaa.. 

IXadiarga  in  Second  Fkat  par  Squan  MQa. . . . . 

Eetimatad  Stwaga  MQIloa  Cnbie  Fact . 


WORCESTER  COUNTY  ENGINEER 
Inspection  of  Dams,  Reservoir  Cams,  and  Reservoirs 

Inspected  by  B.  p.  st.  John  Date  10~lQ»g8  Dam  No .  26-12 

Tovm _ T.aomin  a  tar _ Location _ 

Owner  Leominster  Water  Dent. _ Use _ 

Earth 

SPILLWAY  H.W.  4*  over  crest  In  1926  -  PS”  over  crest 
El . top  Abutment  100  El . Crest  5.00  El . Apron _ ^E1 . St .Bed_ 

Width  top  Abut.  1*  Width  top  Crest  g«  Width  bottom  Sp.way _ 

Width  flashboards _ Kind  Flashboards _ 

El.Flowllne  Cleanout  Pipe  Size  and  Kind  Pipe _ 

Kind  of  Foundation  under  Spillway _ 

Condition _  ^ _ 


giJHAmgngwT 

Ei.Top _ ID.. Natural  Ground _ Width  Top _ 

Width  of  Bottom _ Upstream  Slone  Downstream  Slope 

Kind  of  Corewall  steel  cone. capped  with  cement  Riprap  a»nna 

Material  in  Embankment _ ^Foundation _ 

Condition _ good _ 


GATES  _ g _ _ _ ^Location _ 

Size _ _ Kind _ El  .Flowllne. 

Condition _ good _ _ 


Evidence  of  Leaks  In  Structure  noma 


Recent  Repairs  and  Date  1980  and  1981  rebuilt  and  repaired 

Number  Acres  In  Pond  Drainage  Area  In  Sq  •Miles, 

Discharge  In  Second  Feet  per  Square  Mile 
Estimated  Storage  Million  Cubic  Feet 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 


Inapeetion  of  Daini,  IlMerroir  Dams,  and  Baaervoin. 

Inspeetad  ^j..S.^..Q.\..^a..CCi.d.x:a.jCi .  .  Dam 

— 7t7i. - ^  ^ - 

TowiLXA.TrWa.4?.U.<^ . . 

. Uaa. . 

Matarial  and  Type. . - . 


Dam  Designed  bj. - - Constnietad  by. _ 

SPSXWAT 


..Tear„ 


EL  top  Abutment - EL  GniitA.:il.JiiiunAkhM.  Apron. . . . EL  Straambed. . 

Width  top  Abotmenl _ — Width  top  Gnat _ Width  bottom  SpiDiny. . 

Width  Elaahboarda  earned. - _ .Band  Haahboarda. . . . 

EL  EloiHiae  Ckanoat  Pipe. - - Sae  and  Ebd  Cleanoat  P^ie . . . 

Kind  ol  Foundation  under  SpQlway . . . . 

Condition.. 

L 

EMBANKMENT 

EL  Top. - EL  Natural  Qroond. _ T^dth  Top. . . . 

Width  of  Bottom _ .... _ _ Upstream  Slope. . Downstream  Sfepe . 

Snd  of  CorewaO. - - - ...... — . . . Riprap . 

Material  in  Embankment — . Foundation. _ _ _ 

Condition...  — . . . . . . . . . 


GATES. 

Sina....... 


..Location... 


..Bad. - EL  Elowline... 


Condition.. 


WHEEL. . . 


. . . 


.Bnd... 


..Siae. — . Rated  H.P.. 


Loeation.. 


..Are.  Head'. 


Eeidenoe  of  Leaks  in  Stnietaie.'.. 


Beoent  Repairs  and  Date.. - - 

Topography  of  Country  below  Dam 


Nature  of  BuOdhtga  and  Roads  bdow  Dam 


Number  Aeiea  in  Pond...... - - — ..... 

Disehsrge  in  Second  Feet  per  Square  Mile. 
Brtfmf*H  Storaga  .Million  Cnbie  Feet . 


. Dnuaefo  Aran  in  Square  lifilat - ......... — 

. . 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGDKES 

TMp<etioa  of  Dmm,  RaMiroir  Dmbe,  *nd  RwnroiiE. 
iMp—tod  bT..4<^...Cw..  .  Date.Xkc..l.9^i942.  Dam 


TowB.-LiauRmjaA'/Sl.r! . . . Loartkai  ..iS/.a.-.TS.wun . 

Qmuu...i2.i.'h^.....ad^...lmmamAnai^e4r.. . nM...^Aji£.ir‘.M4jrrr . 

Matarial  aad  Typa....£!air:^ii«....jCan^':^r:i/.chbl.tf.i:i; . datn.cr&'^Cf. . !OairAr....\A^i.U.. 

. . . 

Dai'MSSrfy... . . . Yaar. . . 


SPILLWAY 

EL  top  AbatmaDt _ EL  Gnat — . S3.  ApitML _ .EL  Stiaambad. . . . 

indlli  top  AbntmoBt _ E^dth  top  Cbaai - Width  bottom  Spillway. . . . 

EHdth  Haahboaida  aairiad - Cr..* - Bad  Flaahboaida. . . . 

EL  Fkwlina  Cleaaoot  PIpa. . . . .Siia  and  Kind  Oaanout  Pipa . . 

Kind  ol  Foundation  nndar  Spillway  — . . . . . 

Coaditioo....Ma. _ . 

. 

EMBANKMENT 

EL  Top. . ...........EL  Natnial  Qionnd. - Width  Top. . . 

Width  ol  Bottom. — . Upatnam  Sk^ . . Downatraam  Slopa . 

Bnd  at  CorawaO. . C^innAieSKt.'Jtx^. . — . . . Bipmp . 

liatarial  in  Embankment...iE<a.f!.:f!^.% . Fonndatioa. . . . 

Camlition.....(^adi6(..-.....C«A<uneji'ire...Muia/.|[...^./«A.3....m^NAiMnk.inmn!^..a/7!iairainiliyr..iieM. 

.fiomd:^:^tM>^-<M....Y:...^as&fja/if....Ciiiaiaai^!iM».'jflt4.....'^(A...^.etf/I . . . 

GATES. _ _ : _ _ LoMrtion. . . . 

Sua. . Kind..... - - EL  Flowlina. . 

CoBdition,...^i6l.<».c/...-....<?./»ri . . . . . 


WHEEL.. 


.... - Siaa. . Ratod  H.  P.. 

i..M...M....H............................^L^^a.  ^3aa^i 


Evidanea  at  Laaka  in  Straetora.. 


Raeant  Rapaiia  and  Data. . 

Topogfupbf  at  Country  bdow  Dam. 


Natan  at  BaOdinpi  aad  Roada  bdow  Dam. 


Nomber  Aena  in  Pood . Drainaie  Ana  in  Squan  Milet... 

DiaobarfB  in  Saeond  Faot  par  Sqnan  Mila. . . . 

Eatimatod  Stompi  Million  Cubie  Faot . . . . 


COUNTY  OF  WORCESTER  MASSACHUSETTS 

COUNTY  ENGINEER 

Intpeetum  of  D»ins,  Roanvoir  Dama,  and  Raaenroin. 

Inapaetadby. . L.O..M . .  Dato....].Q.r:.l!.t.r..^.J  -  Dam 

Town. . . . . Loeation. _ )slo......7XcrMv-» . . 

Ownw. . . . Uaa. . 

Malarial  and  Typa. . . . 


Dam  Daaignad  by. . Cmiatnietad  by.. 


.Year.. 


SPILLWAY 

EL  t(9  Abutment. — ... _ 

E^dth  top  Abntmenl - 

Width  Flaahboarda  eeiriad... 


,.EL  Gnat. . EL  Ainon... 


..EL  Stnambad... 


....E^dth  top  Gnat - Width  bottom  Spillway.. 

_ _ _ _ _ — ......... - Snd  Flaahboarda. . 


EL  Flowliaa  Glaaaoat  Hpa. - .ffiae  and  End  Glaaaoat  Pipe . 

End  of  Foondatioa  under  Spillway . . 

GoodHum. . .....,.<rK...T. _ .V.V!V. _ . .i.!.". . . . 

. . . . . 


EMBANKMENT 

EL  Topi . . --~~..-...EL  Natnnl  Qraond. - Width  Top. . 

'Vndth  of  Bottom. — . . . . Upatieam  Slop*. . . . Downatream  Slope . 

Kind  of  GorewaU. . . . . . R4>inp . 

Material  in  Embankment. . Foundation. . 

Gondhion. . . .^.7;..r... . . .wv^ - . ^-Jhiiiwo . . 


GATES..: . . . . . . .Loeatkm . 

Siae. . End. - - E.  Flowline... 

Gondition. . . .... _ . . . 


WHEEL. . . End _ _ Siae. . . Rated  H.  P.. 

Location. . . Av*.  Head . 

Eridenea  of  Leaka  in  Stmetim. . .i&rAM.. 


Raeent  Rapain  and  Date _ bti^Tyv.. 

Topography  of  Goontry  below  Dam - - 


Nature  of  BuOdingii  and  Roada  below  Dam. 


Number  Aciw  in  Pond. . Drains  Area  in  Square  Mika.. 

Diadiane  in  Second  Feat  par  Square  Bffla... 


Fathnattii  Storage  MOHon  Culne  Fact . . . 


OAM  NO. 


ggtis _ 

LaCATION-  Ho  Town  ^s«  antcAM _ 

WORCESTER  COUNTY  ENGINEERING  DEPARTMENT 
WORCCSTER.  MASBACHUBETTB 

DAM  INSPECTION  REPORT 

DWHBPav  ^cminster  Water  Dept.  Leonlnster _ „„  Water  supply 

LOM  Siipi**  Pmiop  oatc 

TYPcoroAM  ^arth-  steel  cutoff  emb-stone  spill  eoNomow  good _ 

BPIL.I,WAY 

nASHBOAROa  IN  RLACC _ SQBig _ RCBCNT  RCRAIRB _ ^QQSDie - 

coNomaN  .  cut  brush  f  rom  ctiannel-  chRAir  oyer  pariag^ _ 

a.  nif  It  a  H  **  ” 

RCRAIRa  NKCOCO - 


EMBANKMENT 

RCOCNT  RCRAIRa 

OONOinON  - 

RERAIRa  NKCOCO 


. . . .  I  I  . I— — 

jjggj: _ litfi.ep_.Jtirush~eut-~of# 

Hone 


BATEB 

RCOCNT  RCRAIRS 

CONOmON  _ 

RCRAIRB  NKCOCO 


Hona 

appears  OK 

■ . j!.Q]B9 _ 


LEAKB 


OW  aCRIOUB 


none  visible 


A 


CAN  UUD  . 

OAII  MILEAflC 

CN0  T0I0 . . 

■raiH  T0I0, .  . . . .  . . . .  . 

■IBMATUNK 


rat^  Mtbta. 


TOWN  OR  CITY 

DECREE  NO.  20^  PLAN  NO. 

LOCATION 

West  Dam 

No  Tovun  Reservoir 

C.  C.  DOCKET  NO. 

DitoRirrioN  or  dam 

1  onenirriON 

OP  RKURvom  a  watkrohid 

Type  Sarth 

-  Mortar  Dare  Walt.  I  Rama  of  Main  stream 

LeomiMfer  Reoervoir 

Length 

aoo* 

"  "  any  othar  Strasma 

Haight 

/£* 

'  ^  Length  of  Watarahad 

Thichiiaas^top 

/6' 

Width  «•  " 

**  bottom 

ss' 

Is  Watarahad  CulUvatad 

Oownatiaam  Slopa 

/  •  / 

Paroant  in  Foraata 

upcttMHi  “  ;  /  nprap 

of  Spillway  AJon^ 

Sixa  of  Gataa  ar 

Location  of  Galoa 
Flaahboardt  utati 
Width  Flaahboarda  or  Gates 

0am  doaicnad  by  <S&ar^e  /Raymond 

“  eonstnietad  by 
Year  conalmetod 


Oi^n^r:  Cf/y  of  /comMs^r  )yaA:r 


3€e  Meeting  “  /S9^ 

/fl3S  r/ood^  ^roail 


Staopnaaa  of  Slope 
Kind  of  Soil 

No.  of  Aeras  in  Watarahad 

"  “  Raaarvoir  203. 

Langth  of  Raaarvoir 
Wiotb  "  " 

Mai  Flow  Cu.  Ft.  par  Sac. 

Haa«i  or  Flaahboarda- Low  Water 
..  ~  «  .High  " 

ONKRAL  RIMAHKS 

/ngfieefiedi  A/ov.  /4  J^24  -  L.  O.  MardM 

Dec.  /d,  /92a  “  •  " 

Aoy  22J930~  »  * 

Aug.  29,  1931  •  "  " 

.  Fc%.  23,  M33  -  '  • 

Dune  27,  /93S-‘  •  4  6uMCl0sa»^ 

Oct.  1933  -  £.  C.  Ceraarmi 


%Junc  27,  /93S^  •  4  6ug£tm»s»m 

Oct.  1933  -  £.  C.  Ceraarmr 
AfaoMurad:  Mar.  TJ,  /933  ■“J-C/itimKf  J.SSAJk 
:  Oof.  2S,  /9¥3'  faaf‘6uf/l»oaer\ 

f  t-uapwvaMvia^M 


K  tfS/‘  LOAf,  y' 


9-ZC 


/ 


TOWN  OR  CITY 

jy^ 


~7f^ - 

DECREE  NO. 


A^o75h«7 


?Z^=3f2f 

DAM  NO. 


iMa/l 

Au>' 

;/'■ 


LOCATION 

osaoRimoN  or  dam 

Typ«  ^ar^h'  McHvr.  Cat^ 

Langth 
fMglit 

ThIehiMM  top 
■*  bottom 
Oowtmimm  Slope 
Upetraom 
Length  of  Spillwty 
SUoofGatee 
Location  of  Gataa 
Flaahboardc  iitad 
Width  Flashboarde  or  Oataa 
Dam  daiignad  by 
"  coosinicted  by 
Year  eonstrticlad 

QBNIRAL  NKMARKa 

<i7u/ned  by  /^a/n/f7J/^r./rcseri/o/r^A^ 
/nspecifh^  A^7K  M,  J9Z4.  "  More^O‘ 

S^/fember  /S94-- 

/nsfiec/xx/'  .  /a,  /^Z^-  '  /.  A.  Afar^t)^ 

••  :  Au*.  ZZ,  1930  - 

-  X  -  t9-  H39-  "  " 

»•  *  '  Junm  2CT.  t93S  *  €unl Su^CJossmA 
0  :  to,  i933  -  £.  C-,Ooraomm 


PUN  NO.  • 

J&T'S  .  C.  C.  DOCKET  NO. 

duoniption  op  rkservoir  a  watkrshbd 

Name  of  Main  Stream  /.COmtrtJ'/er  /^Se/VOfb 
■*  "  any  othar  Straama 

Length  of  Watarahed 
Widlh  “ 

la  Watarahed  Cultivatad 
Percent  In  FomaM 
Staepnaaa  of  Slope 
Kind  of  Soil 

No.  of  Aeraa  In  Watarahed 

"  “  “  “  Raaanelr  703. 

Length  of  Raaaiaoir 
Wtoth  " 

Max  Flotw  Cu.  Ft  per  Sac. 

Head  or  FIaahboardt>Low  Water 
. . High  “ 

GENERAL  REMARKS 

OutviecL  by  Ctfy  of  Leo  Mini  fey 

3tS0ec/^:  2J.  /93y  Z  .C>.A^a^a*TO  . 

McOJorci/  i.  Maf.  A7.  I93^JLC.  .Z.S,  TyAj/^ 
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General 

Appendix  A  lists  in  detail  the  conditions  found  at  each 
facility  during  the  inspections.  The  following  section 
discusses  the  general  conditions  by  type  of  facility  and  the 
reasons  for  repair  or  replacement.  The  coat  estimates  are 
calculated  based  upon  repairing  all  the  similar  facilities 
at  one  time  under  a  contract.  An  example  would  be  a  contract 
for  repair  of  all  the  gate  houses,  including  roof  repair, 
pointing  and  replacement  of  bricks,  screen  replacement, 
etc.,  and  the  contractor  would  be  expected  to  perform  the 
necessary  work  at  each  site.  Tree  clearing  of  the  Reservoirs 
would  be  another  example  and  the  repair  of  all  spillways 
would  be  a  third  example  of  a  separate  contract. 

Reservoirs  and  Dams 

Most  of  the  dams  are  of  the  earth  fill  type,  with 
riprap  on  the  upstream  face.  Various  size  trees  and  light 
to  heavy  brush  were  found  growing  on  the  downstream  slopes 
of  the  structures  when  the  inspection  was  made.  These  trees 
should  be  cut  down  and  the  stumps  left  in  place.  If  they 
v/ere  to  be  knocked  down  by  a  storm,  the  tree  would  open  a 
large  hole  in  the  dam,  possibly  at  a  critical  spot  in  t.ne 
structure  and  could  cause  a  failure  of  the  dam  if  water 
began  to  seep  through. 

The  brush  should  be  cleared  off  the  dam  for  the  same 
reason,  i.e.  small  trees  grow  to  be  problems,  and  the  brush 
hides  possible  leaks  and  weep  points.  The  broad  leaf  brush 
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and  trees  around  the  edges  of  the  reservoirs  should  be  removed 
and  the  area  replanted  to  pine.  This  will  reduce  the  number 
of  leaves  that  blow  into  the  water  in  the  Fall  and  decompose, 
adding  color  to  the  water. 

Controlled  grass  growth  should  be  encouraged  on  the  down- 
streaun  face  of  the  earth  dams  to  protect  against  erosion. 

The  rip-rap  on  the  face  of  the  dams  appeared  to  be  in  good 
repair  at  the  time  of  inspection.  However  they  should  be  re¬ 
examined  when  tile  reservoirs  are  drawn  down.  No  stones  should 
be  out  of  place  because  the  earth  structure  is  susceptible  to 
erosion  from  wave  action. 

The  spillways  should  be  clear  of  brush  and  debris  and  the 
walls  in  good  condition.  In  a  flood,  brush  and  debris  could 
obstruct  the  flow  and  the  water  could  back  up  behind  the  spillway 
and  the  dam  could  be  over-topped  and  fail.  The  high  velocity  of 
spring  and  flood  flows  through  weak  or  damaged  spillway  channels 
can  only  cause  more  damage  to  those  channels  and  eventual  erosion 
of  the  ground  the  channel  walls  were  intended  to  protect. 

It  is  recommended  that  a  program  be  started  to  remove  the 
large  trees  and  brush  at  the  dams,  around  the  reservoirs,  and 
along  the  spillway  channels,  in  conjunction  with  the  City's 
Forester.  The  Forester  should  be  responsible  for  the  tree  re¬ 
movals  and  replanting  around  the  reservoirs  and  in  the  water¬ 
sheds,  and  the  Water  Department  should  maintain  the  dam  areas. 

Once  the  large  trees  are  removed,  the  growth  of  small  brush 
and  grass  should  be  controlled  so  that  the  dams  can  be  easily 
inspected . 
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Maesachusects  has  state  regulations  which  govern  the  use 
of  herbicides  in  general  and  their  use  around  reservoirs  in 
water  supply  drainage  areas  in  particular.  The  City  or  a 
contractor  must  apply  for  a  permit  from  the  Pesticide  Board 
in  Boston  to  use  chemicals.  A  copy  of  the  Pesticide  Board  Rules 
and  Regulations,  is  included  in  this  reoort  as  Appendix  D. 

The  Department  of  the  Army,  Office  of  the  Chief  of  Engi¬ 
neers,  has  published  "Recommended  Guidelines  for  Safety  Inspec¬ 
tion  of  Dams",  November  1976,  and  has  started  a  program  of  the 
inspection  of  dams  in  New  England.  The  program  field  work  is 
starting  in  1973  and  will  continue  for  four  years .  Criteria 
for  evaluating  spillway  capacity  are  included  based  on  size 
and  hazard  potential.  The  criteria  for  spillway  capacity  are 
not  significantly  different  from  those  generally  used  for  the 
design  of  new  dams,  but  do  require  considerably  larger  spillway 
capacity  than  is  available  in  many  old  earth  fill  dams  in  New 
England  and  ocher  parts  of  the  country. 

At  present,  the  improvements  necessary  to  bring  the  old 
dams  up  to  present-day  standards  are  the  responsibility  of  the 
owner.  However,  it  is  expected  chat  the  survey  will  show  chat 
Che  cost  of  making  these  improvements  will  be  large •.  and  to 
get  Che  work  accomplished  in  a  reasonable  period  of  time,  a 
program  of  Federal  assistance  will  be  required. 

In  Table  4,  the  size,  hazard  potential,  and  the  range  of 
Che  flood  inflow  to  the  reservoirs  in  the  Leominster  water  sup¬ 
ply  system  for  which  the  spillway  should  be  capable  of  handling 
under  the  guidelines  is  shown.  A  100 -year  flood  is  one  chat 
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TABLE  4 

WATER  SUPPLY  RESERVOIR 
SPILLWAY  DESIGN  FLOOD  CRITERIA 


Dam 

Size 

Hazard 

Potential 

So illway  Design 
■  Flood  (SDF) 

Haynes 

Small 

Significant 

100  yr.  to  >£  MPF 

Morse 

Small 

Significant 

100  yr.  to  %  MPF 

DisCribucing 

Small 

Significant 

100  yr .  to  %  'iPF 

No -Town 

Intermediate 

High 

I-IPF 

Good  Fellow's 

Small 

High 

%  MPF  to  MPF 

Simond'  s 

Small 

High 

%  MPF  CO  MPF 

Fall  Brook 

Intermediate 

Significant 

h  MPF  CO  MPF 
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occurs  wich  a  frequency  of  one  in  100  years .  A  flood  of  half 
the  maximum  probable  flood  (MPF)  occurs  wich  a  frequency  of  one 
in  about  700  years.  The  maximum  probable  flood  occurs  wich  a 
frequency  of  once  in  more  chan  2,000  years.  Floods  of  these 
magnitudes  are  rare;  however,  floods  with  recurrence  intervals 
of  the  order  of  once  in  300  years  have  occurred  in  New  England 
and  water  supply  reservoirs  of  similar  vintage  as  chose  in 
Leominster  have  failed.  Floods  of  this  magnitude  have  not  oc- 

I  curred  in  the  Leominster  area;  however,  it  would  be  prudent  to 

I 

haye  a  plan  available  for  implementation  when  major  storms  occur. 

'  The  plan  should  include: 

1.  Provisions  for  a  person  or  persons  to  visit  the 

!  sices  frequently  to  measure  the  increase  in  water 

I  surface  elevation  and  observe  any  erosion  that  is 

harmful  to  the  safety  of  the  dams . 

2.  Instruction  as  to  opening  blow-off  valves  and 
removal  of  flashboards . 

3.  Arrangements  for  warning  the  inhabitants  downstream 
of  the  dam. 

4.  Provisions  for  making  sandbags,  men  and  equipment 
available  at  the  dams  if  overtopping  of  the  dam 
is  threatened. 

During  the  inspection,  it  was  found  chat  many  of  the  spill¬ 
way  sidewalls,  channel  beds,  and  crests  have  deteriorated. 

Further  erosion  of  the  channel  sidewalls  will  eventually  cause 
collapse  of  the  sidewalls.  This  would  most  likely  occur  during 
high  flows  after  a  heavy  rainfall,  but  not  necessarily  one  that 
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would  cause  a  flood.  The  collapsed  seccion  would  restrict  the 
channel  area  and  expose  the  readily  erodible  material  behind 
it.  The  damming  effect  of  the  debris  could  result  in  the  over¬ 
topping  of  the  channel  wall  upstream  or  of  the  dam  embankment. 
Erosion  behind  the  collapsed  section  could  result  in  the  diver¬ 
sion  of  water  from  the  channel  to  areas  near  the  dox-mstream 
toe  of  the  dam. 

Obstruction  to  flow  in  the  channel  bed  or  upstream  of  the 
spillway  crest,  such  as  brush  and  accumulated  debris,  tend  to 
trap  any  further  debris  which  may  float  to  the  soillxjay  area 
during  a  period  of  heavy  runoff.  The  further  compounded  damming 
effect  could  result  in  overtopping  of  the  dam  or  channel  walls . 

Since  there  is  no  surplus  capacity  in  the  various  spill¬ 
ways,  they  should  be  repaired  and  maintained  in  good  condition. 

A  program  for  routine  inspection  and  removal  of  debris  should 
also  be  implemented. 

The  gate  houses,  or  intake  structures,  screens,  blowoffs, 
and  gate  valves  on  all  dams  need  repair.  The  gate  house  struc¬ 
tures  should  be  repaired  to  good  condition  and  strong  anti¬ 
vandal  material  used.  Protection  of  valves  and  screens  from 
unauthorized  use  or  damage  is  an  important  consideration.  The 
operability  of  valves  at  the  dam  at  any  time  is  a  necessary 
criteria.  Existing  valves  should  be  repaired  or  replaced  and 
when  they  are  not  in  the  gate  house,  marked  by  signs. 
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"Pron  1978  Coffin  & 
Ririhardlaon  Report” 

CITY  OF  LEOMINSTER 
DEPARTMENT  OF  PUBLIC  WORKS 

TABLE  5 

DAM  AND  RESERVOIR  REPAIRS 
COST  ESTIMATE 


Reservoir 

Clearing 
&  Chipping 
Of  Trees  (1) 

Repairing 

of 

Soillways 

Repairing 

Gate 

Houses 

Total  by 
Reservoir 

a. 

Haynes 

$10,000 

$14,000 

$  3,500 

$  27,500 

b. 

Morse 

5,000 

7,500 

12,000 

24,500 

c . 

Distributing 

2,500 

2,500 

6,000 

11,000 

d. 

Fallbrook^^^ 

10,000 

4,000 

13,000 

27,000 

e . 

No -Town 

5,000 

25,000 

- 

30,000 

f . 

Goodfe  How's 

1,500 

16,000 

45,000 

62,500 

g- 

Simond's 

500 

8,500 

9.000 

18,000 

Totals  by  Project 

$34,500 

$77,500 

$88,500 

$200,500 

(1) 

At  dam  areas 

only. 

(2) 

Includes  work  at  the  diversion  dam. 
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The  spillway  channel  should  be  cleared  of  brush  and  debris 
and  the  entrance  granite  blocks  re-positioned  and  secured  by  grout¬ 
ing.  The  blowoff  headwall  and  channel  should  be  cleared  of  brush 
and  trees  and  the  poison  ivy  in  the  area  of  the  dam  eliminated. 

The  Fall  Brook  chlorination  and  meter  building  was  renovated 
in  1977  in  a  similar  manner  as  the  Distributing  building.  The 
existing  building  was  divided  into  two  rooms  to  house  the  chlor¬ 
ine  tors  and  the  chlorine  gas  storage  room  and  an  addition  was 
constructed  to  house  a  propane  gas  standby  engine  generator.  The 
existing  heating  system  was  not  changed.  Comparison  calculations 
were  made  and  indicate  that  the  heating  system  is  as  efficient 
as  the  new  system  installed  at  Distributing  and,  in  fact,  the 
oil  heating  system  now  has  one  advantage  over  the  L?  gas  system 
because  of  a  20. S  cents  per  gallon  surcharge  being  paid  for 
the  L?  gas.  When  that  sxircharge  is  dropped,  the  systems  will 
be  equivalent  in  cost. 

The  basement  of  the  chlorination  station  is  in  need  of 
cleaning  and  painting. 

No-Town  Reservoir 

The  spillway  channel  concrete  sidewalls  and  bed,  and  the  dis¬ 
charge  channel  sidewalls  need  extensive  repair.  The  spillway 
channel  sidewalls  should  be  removed  and  new  sidewalls  constructed 
where  conditions  are  the  worst.  It  is  only  a  matter  of  time 
before  sections  will  collapse  into  the  channel  and  block  flows. 
Undercut  areas  of  ti*.e  sidewalls  along  the  entire  length  should 
be  grouted  to  stop  the  erosion.  The  extensive  brush  growth  in 
the  channel  and  along  the  aides  should  be  removed  to  prevent 
damage  to  the  concrete  structvire. 
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The  discharge  channel  stone  sidewalls  need  resurfacing 
with  concrete  to  prevent  further  undercutting  and  collapse  of 
the  sidewalls.  The  discharge  pipe  headwall  should  be  rebuilt. 
Goodfellow's  Reser/oir 

The  gatehouse  should  be  rebuilt  because  the  existing  struc¬ 
ture  has  deteriorated  beyond  economic  repair.  The  aeration 
system  gate  valve  should  be  rebuilt  or  replaced  and  the  system 
flushed  out  and  cleaned  for  operation.  It  should  be  determined 
if  a  blowoff  exists. 

The  spillway  channel  bed  and  sidewalls  need  extensive  repair. 
The  atone  bed  should  be  rebuilt  by  repositioning  the  stones  and 
grouting  them  in  place  as  originally  existed.  The  channel  side- 
walls  should  be  rebuilt  since  they  are  undercut  and  are  starting 
to  collapse. 

The  excessive  growth  of  trees  and  heavy  brush  on  the  down¬ 
stream  face  of  the  dam  on  both  sides  of  the  spillway  and  in  the 
spillway  channel  should  be  removed  before  severe  damage  to  the 
integrity  of  the  dam  occurs.  All  deciduous  trees  lining  t.he 
reservoir  and  along  the  brook  to  Simond's  Reservoir  should  be 
removed  and  replaced  with  pines. 

Simond's  Reservoir 

The  gatehouse  concrete  substructure  should  be  grouted  where 
spalling  and  cracJcs  have  occurred.  The  door  and  frame  and  the 
iron  rail  along  the  top  of  the  dam  need  repairs,  cleaning  and 
painting.  The  flashboards,  plastic  liner  and  sandbags  need 
minor  repairs. 
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PHOTO  NO.  1  -  Intake  structure  for  the  two  gated  24  inch 
outlet  pipe. 


PHOTO  MO.  2  -  This  photo  shows  the  two  24  inch  cast  iron 
water  supply  pipes.  These  pipes  have  manually  con¬ 
trolled  gates  at  the  intake  structure.  Note  the 
orange  colored  stain  and  seepage  to  the  right  of  the 
pipe  at  center  of  the  photo. 


PHOTO  NO .  3  -  This  photo  shows  the  water  supply  outlet 
Channel,  looking  toward  the  Dam.  The  channel  has 
concrete  capped  stone  masonry  walls  with  a  gravel 
bottom. 


PHOTO  NO.  4  -  This  photo  was  taken  from  the  left  abutment 
area  looking  across  the  spillway  (foreground)  along 
the  top  of  Dam.  Note  the  top  of  the  concrete  core  wall, 
concrete  masonry  intake  structure;  and  the  elevation 
of  the  intake  structure  service  bridge. 
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PHOTO  NO.  5  -  This  photo  shows  the  spillway  crest  as  seen 
from  the  outlet  channel. Eight  inch  high  flashboards 
are  normally  used.  Note  one  eight  foot  long  section 
is  missing.  The  spillway  was  originally  constructed 
of  stone  masonry.  The  present  concrete  cap  was  a 
later  modification. 


PHOTO  NO.  6  -  Spillway  weir  from  crest  of  Dam  to  left 
of  spil Iway « 


PHOTO  NO.  7  -  This  photo  shows  the  upstream  face  and  top  of 
Dam  from  the  right  abutment.  Note  that  the  riprap 
slope  protection  extends  to  the  crest  of  Dam  where  it 
meets  the  top  of  the  upper  concrete  core  wall. 
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PHOTO  NO.  9  -  This  photo  tcJcen  from  the  right  abutment  shows  the 
reservoir  area.  The  main  body  of  the  reservoir  is  to  the 
South  cmd  Northwest  of  this  location. 


PHOTO  NO.  10  -  This  photo  shows  that  about  2  to  3  inches 

of  displacement  has  occurred  between  the  intake  struct¬ 
ure  service  bridge  abutment  and  the  top  of  core  wall. 

It  appears  that  the  walkway  has  settled. 


PHOTO  NO.  11  -  This  photo  shows  the  outlet  channel  ^ust 
downstrecua  of  the  spillway.  The  entire  channel  is 
about  300  feet  long.  The  channel  walls  and  bottom  were 
constructed  of  stone  masonry.  The  tops  of  the  walls  were 
later  capped  with  concrete.  The  chemnel  bottom  is  sloped 
amd  has  stone  masonry  steps  aUsout  1  foot  high  at  irregula: 
intervals  to  develop  a  20+  foot  chauige  in  elevation.  The 
downstream  brook  cam  be  seen  at  the  center  of  the  photo. 
Here/  the  spillway  channel  meets  with  the  water  supply 
discharge  channel  to  form  Monoosoc  Brook  which  flows 
Eastward  to  Leominster.  The  water  treatment  plant  is 
about  1  mile  downstream. 


PHOTO  NO.  12  -  Swampy  area  downstream  of  Dam  from  right 
abutment. 


PHOTO  NO.  13  -  Displacement  of  riprap  on  upstreeun 
slope  about  95  feet  left  of  right  abutment. 


PHOTO  NO.  14  -  Brush  stvimps  on  upstreeun  slope 


PHOTO  NO.  17  -  Right  wall  of  down¬ 
stream  channel  from  spillway 
at  edsout  SO  feet  upstreaun  of 
confluence  with  outlet  down¬ 
stream  channel. 


PHOTO  NO.  18  -  Seepage  exiting  from  right  wall  of  outlet  channel 
about  145  feet  downstream  of  outlet  pipes. 
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PHOTO  NO.  19  -  Seepage  exiting  from  right  wall  of  outlet 
channel  about  100  feet  downstream  of  outlet  pipes. 


PHOTO  NO,  21  -  Area  doftmetream  of  Dam  from  left  wall  of 
outlet channel. 


PHOTO  NO.  22  -  This  view  shows  the  upstream  face  and  top  of 
Dike  looking  North  towards  Route  2.  Note  the  junk  yard 
near  the  toe  of  the  embankment,  in  the  upper  left  comer. 
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PHOTO  NO.  23  -  This  photo  shows  the  top  of  Dike  ^uld  Palmer 

Road  which  is  at  the  toe  of  the  Dike.  The  road  parallels 
the  Dike  for  about  500  feet.  The  Dike's  meucimum  height 
of  13  feet  occurs  at  this  location. 


PHOTO  WO.  24  -  This  view  shows  the  downstream  area  neau:  the 

le^t  abutment  and  center  of  the  Dike.  This  area  is  within 
the  Dam  failure  Impact  area.  Flood  stage  could  be  5  feet 
deep  or  more. 
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PHOTO  NO.  25  -  This  photo  shows  the  upstream  face  and  top 
of  Dike  as  seen  from  the  right  abutment  near  Route  2. 
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PHOTO  MO,  28  -  Standing  water  at  downstrean  toe  of  Dike 
aboui  loo  feet  right  of  left  abutment. 
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PHOTO  NO.  29  »  Path  on  downstream  slope  of  Dike. 


PHOTO  NO,  30  -  Parking  aurea  cut  into  downstream  slope  of 
Dike  about  150  feet  left  of  right  abutment. 
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